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Editorial comments 


About our editorial staff 


E. GLENADINE GIBB Editor 


y is the beginning of another year— 
the eighth for Tue AriTHMETIC TEACHER. 
Since no one person single-handedly com- 
poses a magazine, in this, the first issue of 
the Eighth Volume, I wish to introduce 
those persons who have not only helped 
with the last three issues, but who will play 
major roles in the preparation of forth- 
coming issues. We hope that you will be- 
come better acquainted with them through 
the pages of Tue ArITHMETIC TEACHER. 

The pertinent editorial comments, 
“About the Articles,” appearing in this is- 
sue as well as the ‘‘Editor’s Note’ after 
each article in the last three issues are 
written by our associate editor, Professor 
E. W. Hamilton, lowa State Teachers Col- 
lege. He has taught in the rural schools of 
Nebraska, the secondary schools of Mis- 
souri, and has been connected with various 
phases of education in Iowa for the past 
twenty-odd years. Presently he is engaged 
in research on media of instruction suit- 
able for larger college classes in mathe- 
matics. These experiences together with 
his fundamental concern for both the pre- 
service and in-service mathematics educa- 
tion of elementary teachers make him es- 
pecially valuable in the development. of 
editorial policy. 

Edwina Deans, Clarence E. Hardgrove, 
and J. Fred Weaver, assistant editors, are 
primarily responsible for their indicated 
sections of each issue of THe ARITHMETIC 
TEACHER. 
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How many of you like to try a new idea 
in the classroom? Are you willing to share 
your ideas with others? ‘In the Class- 
room,” Dr. Edwina Deans’ monthly fea- 
ture, will be devoted to suggestions for 
teaching. Dr. Deans, a consultant in ele- 
mentary education for the Arlington, Vir- 
ginia, Public Schools, is herself a creative 
teacher and has written Arithmetic—Chil- 
dren Use It and The Three R’s in the Ele- 
mentary School. Since Dr. Deans has con- 
ducted many workshops and in-service 
programs, those of you in Florida, Vir- 
ginia, and Michigan are already ac- 
quainted with her. 

Reporting “Experimental Projects and 
Research” is another new venture in the 
past three issues and one we hope to 
continue. This department contains in- 
formation regarding the many experi- 
mental programs in elementary-school 
mathematics. J. Fred Weaver, professor of 
mathematics education, director of grad- 
uate studies, associate dean and chairman 
of the department of education at Boston 
University School of Education, is editor 
of this department. He is actively asso- 
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Edwina Deans 
“In the Classroom”’ 


Clarence E. Hardgrove 
“Reviews” 


J. Fred Weaver 
“Experimental Projects 
and Research” 


ciated with the work of the elementary- 
school mathematics division of the School 
Mathematics Study Group, serving as 
member of the advisory panel, as member 
of the steering committee for the writing 
group, and as chairman-consultant for the 
1960-61 Boston Center. 

Each month in ‘‘Reviews,”’ we shall con- 
tinue to evaluate new materials as they 
become available. Clarence Ethel Hard- 
grove, editor of this section, is a professor 
of mathematics at Northern Illinois Uni- 
versity and presently is vice-president 
(elementary) of the National Council of 
Teachers of Mathematics. Dr. Hardgrove 
is an active member of the Illinois Council 
of Teachers of Mathematics, is coauthor of 
Thinking in the Language of Mathematics 
(Illinois Curriculum Program), and many 
of you have heard her speak at mathe- 
matics meetings. She is the author of the 
NCTM publication, Elementary and Jun- 
tor High School Library, and has con- 
tributed chapters to the Twenty-second 
and Twenty-fifth Yearbooks of the Na- 
tional Council of Teachers of Mathematics. 
Professor Hardgrove was a member of the 
1960 SMSG Elementary-School Mathe- 
matics writing group. 

The editor and the three assistants pic- 
tured on page 3 consider all submitted 
manuscripts and make decisions regarding 
those to be accepted for publication. If you 
have an idea for a manuscript in mind or a 
contribution to a particular department, 
put it on paper and send it to one of these 
staff members. 

Those of you in the West, in particular, 
know Professor Marguerite Brydegaard, 
the editor’s right hand in securing manu- 
scripts. Dr. Brydegaard is well qualified 
to accept editorial responsibilities. She has 
been a member of THe ARITHMETIC 
TEACHER editorial staff since 1956. She 
has been a member of the editorial board 
of Childhood Education International 
and is presently a member of the supple- 
mentary publications committee of the 
National Council of Teachers of Mathe- 
matics and also a columnist for The In- 
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structor. A professor of education at San 
Diego State College, Dr. Brydegaard has 
written articles, developed tests, and pre- 
pared films. You can learn more about her 
in Who’s Who of American Women and 
Who’s Who in the West. 

Although he could qualify for a well- 
earned vacation from professional re- 
sponsibilities, Dr. John R. Clark has been 
willing to continue to serve readers of THE 
ARITHMETIC TEACHER as & member of the 
editorial staff. We are indeed grateful for 
the good judgment and sage advice of this 
elder statesman of elementary-school 
mathematics in our policy-making deci- 
sions. As a teacher in rural schools of In- 
diana, secondary schools of Chicago, and 
as professor of education at Teachers Col- 
lege, Columbia University, he has had an 
active professional career. Many children, 
teachers, and members of professional or- 
ganizations have profited by his fine con- 
tributions to elementary-school mathe- 
matics. Dr. Clark now serves as consultant 
in mathematics education and resides in 
New Hope, Pennsylvania. 

Those of us who have been particularly 
interested in research in arithmetic need 
no introduction to our assistant editor 
Professor Vincent J. Glennon, who wrote, 
What Does Research Say About Arithmetic? 
He is also a member of the editorial board 
for the forthcoming NCTM yearbook on 
Mathematics for the Talented. He is director 
of the Arithmetic Studies Center, Syracuse 
University. He is also presently serving as 
chairman of the Arithmetic Committee of 
the Association of Mathematics Teachers 
of New York State. His teaching responsi- 
bilities have not been limited to Syracuse 
but include Teachers College, Columbia, 
New York University, Ohio University, 
San Francisco State College, Harvard, and 
St. Johns College in Cleveland, Ohio. 

Your editor is grateful for her good for- 
tune in securing the assistance of these 
fine people who have been willing to add 
specifie responsibilities for THe AriTH- 
METIC TEACHER to their already heavy 
professional schedules. 
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John R. Clark 
“Write it!’ 


Marguerite Brydegaard 
““Have you 
something to write?”’ 


Vincent J. Glennon 
“Send it to us!”’ 
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Editorial comments 


About the articles 


E. W. HAMILTON Associate Editor 


The articles in this issue deal with several 
aspects of the modernizing and mathe- 
matizing process now gaining momentum 
in arithmetic instruction. Davis’ report of 
a suggested sequence for the training of 
elementary-mathematics teachers should 
make us sit up and take notice. How many 
present teachers could qualify? How many 
institutions offer such a program? We seem 
headed toward special teachers in arith- 
metic. Do people realize and accept this? 
This suggested sequence doesn’t men- 
tion most of the things teachers remember 
learning in grade school nor does it men- 
tion most of the topics important to bank- 
ing, commerce, and economic competence. 
It is ‘‘modern”’ in flavor and hence, para- 
doxically, is concerned with foundations 
and generalities rather than with applica- 
tions and specific problems. Much of the 
modernizing of mathematics consists of 
increasing the precision of the language 
and the discovery and recognition of the 
logical foundations underlying it. Cer- 
tainly little harm and probably much good 
will come from making sure that our early 
presentations to children are precise as far 
as they go. Articles by Peterson and Rap- 
paport both touch on this question of pre- 
cision of terms, and, whether you agree or 
not, they raise one of the issues—the 
“language clean-up’’—long overdue. 
Since we seem to be tending toward de- 
ductive systems and the study of number 
for number’s sake, we find that Osborn’s 
and Klas’s articles on the nature and place 
of models, the relating of symbols to mod- 


els, and the interpretation of symbols back 
into the physical situation, are timely. A 
problem seldom, if ever, has any numbers 
associated with it until we recognize the 
situation and employ numbers to describe 
it. This point of view cuts both ways and 
justifies our concern with models and oral 
arithmetic as well as our concern with 
generalized knowledge about numbers. We 
have to be able to think well enough to ar- 
range the elements of a situation and 
adopt a strategy using models from reality, 
concepts, mental imagery, or whatever 
you prefer, but we also have to know 
enough about numbers to recognize the 
one or several properties that fit the situa- 
tion, thus choosing an abstract model in 
the best mathematical sense. 

The issue is rounded out by Schaaf’s re- 
view of the history and development of 
mathematics, the latter part of which 
particularly will enlighten many teachers 
as to the ancient origin of some of our 
newest concerns and explain why mathe- 
maticians are dissatisfied with utilitarian, 
grocery-store arithmetic as a youngster’s 
chief diet. 
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Mathematics 


as a cultural heritage 


WILLIAM L. SCHAAF Brooklyn College, Brooklyn, New York 
Dr. Schaaf is professor of education at Brooklyn College. 


Broadly speaking, major cultures can be 
identified, at least in part, by certain out- 
standing characteristics. Thus, Babylonia 
and Egypt were steeped in mysticism and 
sensuality; the Greeks were preoccupied 
with ideas and ideals; the Romans, with 
politics, military prowess, and conquest. 
The culture of Western Europe from 600 
A.D. to 1100 A.p. was expressed largely by 
its theology. From 1200 to 1800 it was the 
exploration of nature and the beginnings 
of science that marked the essence of the 
period. The spirit of the nineteenth and 
twentieth centuries, unless it is too early 
to judge in proper perspective, is typified 
by man’s increasing mastery over his 
physical environment. This is evidenced 
not only by the general achievements of 
science and technology, but also by un- 
precedented industrial production, effec- 
tive mass communication, and increasing 
automation. The creative language of the 
culture of today is science, and mathe- 
matics is the alphabet of science. 


Contributions from the age 
of empiricism in mathematics 


In past ages, mathematics was very 
largely a tool that not only facilitated the 
development of a culture, but which was 
itself more or less shaped by the culture. 
The pre-Grecian period may be aptly 
characterized as an age of empiricism in 
mathematics. Babylonian and Egyptian 
mathematics were concerned chiefly with 
astronomical and calendar questions, with 
the construction of tombs, temples and 
other religious buildings, and with prac- 


January 1961 


tical problems of land measurement, sur- 
veying, and primitive engineering. In fact, 
the knowledge of arithmetic and mensura- 
tion possessed by the Babylonians appears 
to have been derived from the earlier work 
of the Sumerians who preceded them. By 
2500 B.c., merchants of Sumer were al- 
ready thoroughly acquainted with weights 
and measures, and were using the arith- 
metic of simple and compound interest 
with more than ordinary zeal. The Baby- 
lonians were prolific in the creation of elab- 
orate multiplication tables and tables of 
squares and square roots. They may even 
have used the zero, although this inven- 
tion is generally attributed to the Hindus. 
In short, the Babylonians were very 
skillful computers. 

The Egyptians, whose mathematics was 
similarly empirical, were likewise adept at 
calculation. As early as 3500 B.c., they had 
extended their use of numbers to include 
hundreds of thousands and millions. Since 
there was neither inflation nor a national 
debt, they presumably had little need for 
billions. The Egyptians revealed an amaz- 
ing ingenuity in their use of unit fractions; 
they were aware of the value of checking 
computation; and there is reason to be- 
lieve that they anticipated the generalized 
number concept by using negative num- 
bers as numbers. 

Despite the fact that the mathematics of 
Babylon and Egypt were basically em- 
pirical, these two cultures nevertheless. 
left their stamp upon the future in several 
ways. The idea of number was pressed into 
service for the market place as well as for 


the contemplation of the heavens; the idea 
of geometric form was embraced in prac- 
tical measurement in surveying, engineer- 
ing, and astronomy; a distinct if feeble 
beginning was made in the use of algebraic 
symbolism; the generalized extension of 
the system of natural numbers was at 
least anticipated if not consciously fash- 
ioned; and out of experiences with meas- 
urement, there grew some awareness of the 
notion of the mathematical infinite. 


The influence of Greek 
contributions and attitudes 


With the ancient Greeks, some six cen- 
turies before the Christian era, mathemat- 
ics came of age. For the next nine hun- 
dred years the contributions of Greek cul- 
ture to mathematics were of the greatest 
significance, although oddly enough their 
influence upon arithmetic, as we know it 
at the present time, was little more than 
trivial. 

It must be appreciated that the Greeks 
distinguished carefully between two as- 
pects of knowledge about ordinary num- 
bers: logistiké, the art of calculating, and 
arithmetiké, an abstract theory of numbers. 
Logistica (in the later Latin form) com- 
prised the techniques of numerical com- 
putation in everyday trade and commerce, 
aid in the arts and sciences, including 
geography and astronomy. Arithmetica, on 
the other hand, dealt with the properties 
of numbers as such, and in this sense was 
roughly comparable to contemporary 
“higher arithmetic” or the elementary 
theory of numbers (primes, factorization, 
congruences, etc.). In the eyes of the 
Greeks, to be concerned with logistica was 
considered beneath the dignity of math- 
ematicians and philosophers, who assigned 
this drudgery to lesser persons, while they 
devoted their attention to arithmetica, 
geometry, and philosophy. It should be 
added that Greek logistica, compared to 
modern methods of computation, was ex- 
ceedingly cumbersome and crude, due 
chiefly to an inadequate system of numera- 
tion. 


These two aspects of the study of num- 
bers were regarded separately until about 
the time of the invention of printing, al- 
though from time to time the names were 
chan zed. In the Middle Ages, logistica, or 
“practical arithmetic,’’ was referred to by 
Italian writers as practica or pratiche; 
Latin writers of the Renaissance spoke of 
the art of computation as ars supputandi; 
Dutch writers called it ‘ciphering.”’ We 
still sometimes speak of computing as 
reckoning, figuring, or calculating; the 
Germans use the term Rechnen for com- 
putation, although their term Arithmetik 
covers both aspects. Our modern word 
“arithmetic” began to be used for both 
branches in the early part of the sixteenth 
century. 

Not much need be said here about 
Greek arithmetiké. To see it in appropriate 
perspective, it may be recalled that the 
Pythagoreans (500 B.c.) divided mathe- 
matical studies into four branches, the 
quadrivium: numbers absolute, or arith- 
metic; applied numbers, or music; magni- 
tudes at rest, or geometry; and magnitudes 
in motion, or astronomy. The weakness of 
Greek arithmetic lay in the fact that al- 
most from the very beginning, Greek 
mathematics succumbed to the number 
mysticism of the oriental cultures. As the 
centuries slipped by, the superstitious be- 
liefs and esoteric lore associated with num- 
bers increased to the detriment of Greek 
science and mathematics. Number “‘ma- 
gic,”’ Gematria, and other precursors of 
medieval and modern numerology were 
without doubt one of the facts which pre- 
vented the Greeks from embracing algebra 
and, possibly, even inventing the calculus. 

Despite these shortcomings, however, 
during a period of nearly a thousand years, 
the Greeks did make several important 
contributions to arithmetic, or the theory 
of numbers; for example, (1) they arrived 
at certain basic theorems concerning the 
divisibility of numbers; (2) they dis- 
covered and proved that the number of 
primes is infinite; (3) they proved that \/2 
was irrational, and, in general, that the 
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side of a square is incommensurable with 
its diagonal. 

The greatest cultural contribution of 
the Greeks to mathematics was not their 
insight into number theory, which, after 
all, was essentially elementary, nor their 
skill in the art of computing, which was 
inconsequential. Their contribution had 
to do rather with two fundamental con- 
cepts or attitudes. One was their faith in 
the method of deductive reasoning as a 
sound basis upon which to build the struc- 
ture of geometry. The other was the belief 
that our physical environment could be 
described in mathematical terms; that, in 
short, number is the language of science. 
Both legacies were destined to exert a 
profound influence upon Western civiliza- 
tion for the next two thousand years. 


A barren period 


After the fall of Rome, Western Europe 
entered upon a period of stagnation and 
groping for nearly a thousand years. From 
about 400 to 1500 a.p., mathematics re- 
flected the general cultural condition of 
the times—meagre and barren. Such as it 
was, this mathematics was kept alive by a 
handful of individual laymen and ec- 
clesiastical scholars. One of the earliest 
influential laymen of this period was 
Boethius (¢.500 a.p.). Among the ecclesias- 
tical mathematicians were Alcuin (¢.775), 
and the French monk Gerbert, who later 
became pope under the name of Sylvester 
II (c.1000). Gerbert traveled extensively 
in Italy and Spain, becoming familiar 
with Arabic mathematics—especially the 
Hindu-Arabic numerals. 

With the decline of feudalism during 
the twelfth, thirteenth, and fourteenth 
centuries there emerged such powerful 
commercial city-states as Milan, Venice, 
Florence, Pisa, and Genoa. At the same 
time, mathematics began to feel the im- 
pact of advances in technology and crafts, 
as well as the effect of a rising trade and 
money economy. In particular, mathemat- 
ics was influenced by architecture, mili- 
tary engineering, navigation, and astron- 
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omy on the one hand, and, to a lesser 
extent, by trading, accounts, and com- 
mercial activities. The latter involved 
barter, exchange, customs, drafts, interest, 
discount, ‘usury, rents, annuities, insur- 
ance, partnerships, and stocks. An out- 
standing writer was Leonardo of Pisa, also 
known as Fibonacci, whose widely known 
book, Liber Abaci (1202), helped spread 
the Hindu-Arabic system of numeration 
in Western Europe, but not without con- 
siderable resistance. 


Introduction of Hindu-Arabic 
numerals and a new interest 
in arithmetic 


The Hindu-Arabic numerals had found 
their way into Europe originally through 
the contacts of traders with Moorish 
merchants, and through scholars who 
studied in Spanish universities. At first 
not well received, their adoption was 
greatly hindered by inertia and prejudice, 
and it was not until the sixteenth century 
that their numerals were in common use 
throughout Europe. 

The fall of the Byzantine Empire, about 
1450, saw a revival of interest in mathe- 
matics, particularly a study of the original 
Greek works. Scholarly activities had also 
moved northward into Central Europe. 
One of the most influential writers at this 
time, the German mathematician Regio- 
montanus, famous for his work in trig- 
onometry, gave considerable impetus to 
the general interest in mathematics. Dur- 
ing the two centuries following Fibonacci, 
the pace of progress had accelerated: 
printing had become a fact; the Hindu- 
Arabic numerals were beginning to take 
hold; and interest in mathematics was 
spreading beyond the Italian cities. Close 
upon the heels of the trigonometry of 
Regiomontanus came Luca Pacioli’s Sum- 
ma de Arithmetica (1494), one of the 
earliest and most-celebrated printed books 
on arithmetic. By now the Hindu-Arabic 
numerals were fairly well established. 

Sixteenth-century arithmetic flourished, 
although new horizons in mathematics also 


began to dawn. More and more scholars 
became interested in mathematics; text- 
books became more plentiful; interest in 
science and mechanics increased; and 
mathematics was being studied for its own 
sake. 

During this fruitful period we find Rob- 
ert Recorde’s The Ground of Artes (Lon- 
don, 1540), one of the most popular arith- 
metics ever printed; the Dutch writer 
Gemma Frisius, author of a popular text 
on combined theoretical and commercial 
arithmetic; Simon Stevin, the Flemish 
mathematician who was instrumental in 
furthering the general acceptance of deci- 
mal fractions; and John Napier, the aris- 
tocratic Scotch baron whose invention of 
logarithms (1614) was epoch-making. 
From 1650 to 1850, the interest of mathe- 
maticians, having been touched off by the 
analytic geometry of Descartes and the 
calculus of Newton and Leibnitz, was fo- 
cused chiefly upon modern analysis, as well 
as upon algebra and geometry. As for ele- 
mentary arithmetic, it was, comparatively 
speaking, neglected. With the universal 
acceptance of Hindu-Arabic notation and 
the recognition of the utility of the deci- 
mal notation, the ‘‘books were closed”’ for 
the time being. 


The dual role of arithmetic 


Arithmetic from 1850 to the present 
time may be said to play a dual role in the 
cultural history of mankind. The more 
familiar role, and the more prosaic, is that 
of handmaiden to the arts and sciences, as 
well as to business. The extraordinary util- 
ity of arithmetical computation, as well 
as of elementary mathematical analysis, 
has been aptly described by L. Hogben, 
H. G. Wells, Herbert McKay, and many 
others. It is a well-known story which 
need not be reiterated here. 

Perhaps the most spectacular develop- 
ment in the field of computation in the 
last decade or two has been the amazing 
development of electronic computers. To 
be sure, both in theory and in practice, 
these so-called “giant brains” involve far 


more mathematics than elementary arith- 
metic. The story of the development of 
computing machines is a fascinating one, 
too long to be told here in detail. But it isa 
far cry from Babbage’s ‘‘analytic engine” 
of 1850 to the now famous Eniac of 1950. 
Ironically enough, our culture, insofar as 
science and technology are concerned, is 
now at a point where progress, certainly in 
some areas, is no longer possible by in- 
dividual effort alone, but requires the co- 
operative efforts of a group of related spe- 
cialists. Thus in developing a typical 
I.B.M. machine, a fifty-man team may 
well be used: twenty mathematicians, 
twenty engineers, and ten technicians. 
That there is a leader of the team, a per- 
son who co-ordinates the work and directs 
the project, does not alter the sober fact 
that no one person can understand all of 
the theory and intricacies of the machine. 

Notably less familiar, at least to the lay- 
man, is the second role played by arith- 
metic in the last hundred years. Yet in 
many ways it is more subtle and more pro- 
found. We refer to the role of arithmetic 
as catalyst to the comparatively modern 
examination of the logical foundations of 
all mathematics, the search for the ‘‘struc- 
ture” of mathematics. This tremendously 
significant hallmark of twentieth-century 
mathematics was touched off first by mak- 
ing arithmetic more abstract and gen- 
eralized, and then by subjecting algebra 
and analysis to severe “arithmetization.” 
We shall try to make this clear in a few 
words. 


The search for 
the structure of mathematics 


Pythagoras was convinced that all 
mathematics could be based on the or- 
dinary numbers 1, 2, 3, - --. Mathema- 
ticians of the eighteenth and early nine- 
teenth centuries departed drastically from 
this naive point of view by successive ex- 
tensions of the concept of number from 
the ordinary whole numbers—extensions 
to the negative integers and zero, to frac- 
tions, to irrationals, to real and to com- 
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plex mnumbers—concepts that would 
doubtless have bewildered Pythagoras. 
But the middle of the nineteenth century 
was to witness a revolution: mathematics 
won a freedom of imagination hitherto un- 
known. It was anticipated by the inven- 
tion of non-Euclidean geometry by Lo- 
bachevski and the abstract approach to 
algebra initiated by Peacock, Gregory, 
and De Morgan, all in the 1830’s. The es- 
sence of their approach was to regard 
geometry and algebra, each respectively 
as an abstract hypothetico-deductive sys- 
tem in the manner of Euclid. A dozen 
years later, when Hamilton rejected the 
commutative law of multiplication (say- 
ing in effect, ‘‘Let us see what kind of an 
algebra or arithmetic we get if we assume 
that aXb does not equal b Xa’), the flood- 
gates were opened. From that moment on, 
mathematicians devoted more and more 
attention to deliberate generalization and 
abstraction, exploring the full implications 
of postulates, and seeking an underlying 
structure of mathematics. 


Contemporary mathematics 


The movement gathered momentum. 
About 1850, Boole expounded his Laws of 
Thought, foreshadowing modern symbolic 
logic; about 1875, the nature of the real 
number system was attacked in earnest by 
Cantor, Dedekind, Weierstrass, and 
others. In 1899 the die was cast: Hilbert’s 
logical foundations of geometry sounded 
the keynote for postulational methods. 
Accordingly, geometric entities and num- 
bers, as such, became pure abstractions, 
and the really important question for in- 
vestigation was the nature and structure 
of the relations between these abstract 
concepts. Oddly enough, some ten years 
earlier, Peano had set forth his set of 
postulates for common arithmetic and de- 
duced from them, by rigorous logic, the 
entire body of arithmetic based upon the 
ordinary, or natural, numbers. So the 
pendulum returned once more to Pythag- 
oras. 

The postulational technique thus initi- 
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ated proved to be the most powerful single 
influence of twentieth-century mathemat- 
ics. Contemporary mathematics is to be 
distinguished from all previous mathe- 
matics in two vital respects: (1) the inten- 
tional study of abstractness, where the 
important considerations are not the 
things related, but the relations them- 
selves; and (2) the relentless examination 
of the very foundations—the fundamental 
ideas—upon which the elaborate super- 
structure of mathematics is based. 

The validity of mathematical reasoning 
cannot be ascribed to the nature of things; 
it is due to the very nature of thinking. 
But the average man or woman does not 
customarily engage in a level of thinking 
that involves such abstraction and gen- 
eralization. It is chiefly for this reason that 
mathematics repels so many people; the 
subject is too recondite. In this connec- 
tion we recall the words of the late Pro- 
fessor C. H. Judd,* who reminds us that 
... children are not born with a number system 
as a part of their physical inheritance; they are 
not endowed at birth with number ideas in any 
form. The school puts them in contact with a 
system of number symbols which is one of the 
most perfect creations of the human mind. In 
the course of their acquisition of this system, 
they learn how to think in abstractions with 
precision. They learn how to use an intellectual 
device which no single individual, no single 
generation, could possibly have evolved. In the 
short span of a few years a child becomes expert 
in the use of a method of expressing ideas of 


quantity which cost the race centuries of time 
and effort to invent and perfect. 


Mathematics is a linguistic activity; its 
ultimate aim is preciseness of communica- 
tion. Second only to the mother tongue, 
the language of number is without doubt 
the greatest symbolic creation of man. And 
in some ways it is an even more effective 
agency of communication than the vernac- 
ular. In short, mathematics is a great 
cultural heritage, and although the be- 
ginnings have been lost in the mists of 
time, it is a heritage we should be proud 
to transmit to the world of tomorrow. 


* Charles H. Judd, Educational Psychology (New York: 
Houghton Mifflin, 1939), p. 270. 


A case in point 


Is it wise to insist upon 


correct usage of numeral and number 


at the elementary level? 


WAYNE PETERSON Seattle Public Schools, Seattle, Washington 


Mr. Peterson is presently teaching at Marcus Whitman Junior High School, Seattle, 
Washington, and has been a member of both the Seattle Center SMSG Seventh- and 


Ninth-Grade Teams. 


Wren mathematics is taught, wrote 
George Boehm, “‘it is presented mainly as 
a collection of slightly related techniques 
and manipulations. The profound, yet 
simple, concepts get little attention. If art 
appreciation were taught in the same way, 
it would consist mostly of learning how to 
chip stone and mix paints.” 

These simple, yet profound, concepts 
pervade all of mathematics. Some seem so 
obvious as to require no special attention, 
although a lack of early emphasis upon 
even these “‘obvious’’ concepts may result 
in difficulty at a later stage in the student’s 
mathematical development. A progenitor 
of such difficulty is often the failure in the 
beginning years of arithmetic study to 
make meaningful definitions of terms which 
must necessarily be employed throughout 
mathematics, making sure that these 
definitions are mathematically correct and 
will not lead to confusion or contradiction 
at a later date. Embodied within the def- 
initions of such terms are some of the 
“profound, yet simple, concepts’ to which 
Boehm referred in the introductory quota- 
tion taken from his preface to the New 
World of Math. 


Definitions and usage 


A case in point is the definition of nu- 
meral, employing as it does the distinction 
between this concept and the concept of 
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number. Even though we may recognize 
this distinction, it is common practice to 
use the word number almost exclusively 
regardless of which meaning we wish to 
associate with the word. As I hope to 
illustrate effectively, this is acceptable 
practice some of the time, but upon other 
occasions correct usage of both words, 
number and numeral, should be insisted 
upon. 

I was prompted to write this paper after 
reading the article “Number, Numeral, 
and Operation,” in the May, 1960 issue of 
Tue AritHMetTIC TEACHER, wherein the 
author advised against correct usage of 
number and numeral at the elementary 
level on the grounds that it would serve 
no useful purpose and would create con- 
fusion where none had existed. To use an 
example given in the article, the simple 
multiplication problem 8X12=96_ be- 
comes “‘the product of the numbers repre- 
sented by the numerals 12 and 8 is the 
number represented by the numeral 96.”’ 
This is of course an absurd insistence upon 
“correctness.”’ But because it is not useful 
to make the distinction in this specific 
instance is no proof of universal inapplica- 
bility. 

In this article it was also indicated that 
both the Commission on Mathematics and 
the School Mathematics Study Group ad- 
vise “that we should use the one term 
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‘number’ for both meanings.” Having 
taught both the seventh- and ninth-grade 
SMSG material and having read the Com- 
mission Report in some detail, I find 
nothing in either which would lead me to 
draw this conclusion. In fact, in the 
SMSG ‘Mathematics for Junior High 
School,”’ page 23, it is clearly stated that 
numerals are symbols for numbers and 
this understanding is indispensable to the 
successful completion of the work that 
follows. The Commission Report cautions 
against insistence upon too much correct- 
ness which could result in “pedantic cir- 
cumlocution,”’ as exemplified by the de- 
scription of the multiplication example 
cited above.' But nowhere do I find any- 
thing beyond a caution to use discrimina- 
tion in choosing when to employ correct 
usage and when to allow elliptical liberty 
in the use of the word number for both 
meanings. 

So while I respect the writer’s under- 
standing of the problems inherent in 
teaching mathematics at the elementary- 
school level and commend his article for 
your perusal, I cannot agree that the con- 
cept of numeral should be avoided in the 
teaching of arithmetic. The rest of this 
paper will be devoted to a discussion of 
number and numeral and some instances 
where correct usage will contribute to 
clarification and understanding. 


The child's intuitive idea 
of number 


The concept of number is abstract and 
undoubtedly too sophisticated a notion to 
be treated formally at an early age.’ 
Nevertheless children do possess an in- 
tuitive idea of number. Ask a child what 
is meant by the number “two” and he will 
probably hold up a pair of fingers. This in- 
tuitive understanding of number is en- 
tirely adequate until the youngster reaches 
a much later stage in his mathematical 
development. In contrast, the idea of 
numeral is concrete and easily understood 
at an early age. 

A numeral is a symbol which denotes a 
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number or perhaps more simply, a nu- 
meral is the name of a number. Surely, this 
is simple enough for a child to understand. 
Numerals are merely the marks we write 
with chalk or pencil and the words we use 
to name numbers. The sooner the distine- 
tion between number and numeral can be 
made apparent, the better. Yet, this dis- 
tinction has been almost universally ig- 
nored in the teaching of arithmetic. True, 
we have Roman numerals, but these are 
customarily treated as a breed apart and 
the reason for calling them numerals is 
obscure. 


Different numerals 
but the same number 


Traditionally, we have spoken of “num- 
bers which have the same value” or of 
“numbers which equal each other.” This 
is a mathematical absurdity. Different 
numbers cannot be equal and to say that 
they are breeds confusion. By the intro- 
duction of the meta-mathematical term 
‘“‘value’’ we open the door to a variety of 
connotations which the individual child 
may attach to the work. Later when we 
may wish to attach a precise mathematical 
meaning to the word value (as in “value 
of a function’’) the earlier impression may 
cloud understanding. Above all, the term 
‘‘value” is completely unnecessary in this 
connection and for this, if no other reason, 
should be avoided. 

The alternative is obvious. To say that 
1/4 and 9/36 are simply different names 
for the same number (or different nu- 
merals which denote the same number) ob- 
viates once and for all the necessity to talk 
about “‘different numbers which have the 
same value.”” How many numerals exist 
which name this number? An infinite 
variety of them—names without end! 
No matter how many names are supplied, 
someone else can always give just one 
more. 

When decimal fractions are first intro- 
duced, it should be explicitly understood 
that this is just a different way to name 
familiar numbers. What is meant by 28 
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per cent? Is this a new kind of number? 
Again your answer to the child should as- 
sure him that he has already met all of the 
numbers of arithmetic’ and that per cent 
is just one more way to name these num- 
bers—a way which through custom has 
become useful within certain contexts. 

If a child has a garden containing three 
rows of corn and two rows of peas, it may 
be more important to know that there are 
three of one and two of the other than 
it is to know that there are five rows al- 
together. The point here is that 3+2 is 
just as good a name for the number of 
rows in the garden as is 5, and it could 
very well be the best (or simplest) name 
for the number in question. Therefore 
3+2 may have one of two meanings at- 
tached to it, both of which can be under- 
stood at an early age. On the one hand 
we are directed to add, while on the other 
we should understand that 3+2 is just 
one of the many names for the number five. 
This prior understanding would help dis- 
sipate the urge experienced by most be- 
ginning algebra students to combine an 
expression such as 2x+y into a single term. 


Making fractions understandable 


When fractions are ‘‘changed in form” 
by multiplying both terms of the fraction 
by the same number (using the multiplica- 
tion property of one), most children are un- 
derstandably convinced that the number 
is undergoing some sort of transformation. 
They learn to follow the rule to obtain an- 
swers, but there is often a complete lack of 
understanding of the concepts. Yet when 
they know that it is just the names of the 
numbers that are transformed, the num- 
bers remaining unchanged, as indeed they 
must, things begin to make sense, and 
along with understanding will come in- 
creased proficiency and a much greater 
degree of retention. Adding the numbers 
three-fourths and five-sixths is not im- 
possible even though we have no pre- 
scribed way to add the numerals 3/4 and 
5/6. Since our supply of numerals that 
name these numbers is unlimited, let us 


choose the ones that will best suit our 
purpose—in this case, 9/12 and 10/12. 
Division of fractions by “inverting the 
divisor and multiplying” is the one rule 
that perhaps has the least meaning to a 
child. Some teachers find it advantageous 
to treat the quotient of two fractions as a 
single fraction in complex form. This de- 
pends upon prior understanding that the 
quotient of two numbers can be expressed 
as a fraction. With this understanding, the 


6 3 
problem 7. can be written 


This complex fraction is then viewed sims 
ply as the name for a number, and the job 
to be done is to find the simplest name for 
this number. The desired numeral is found 
as follows.4 


6 6 6 6X35 
— 
7 7, 7 
3 
5 5 5 5 

6X5 30 10 
3X7 21 7 


With the understanding that $2 names 
the number one and therefore multiplying 
by 3% changes the numeral but not the 
number, this method for determining the 
quotient of two fractions becomes mean- 
ingful. Since the student would not be ex- 
pected to show each step in detail as was 
done here, it is computationally simple as 
well as mathematically sound. 


Number lines and numerals 


When maturity permits a greater de- 
gree of abstraction, it is useful to intro- 
duce the “number line’? wherein the num- 
bers of arithmetic are each associated with 
a point on the line. Geometrically, a line 
is a set of points infinite in number. The 
numbers of arithmetic are also infinite in 
number. Between any two points on the 
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line there exists another point. Similarly, 
between any two numbers of arithmetic 
there exists another number of arithmetic 
(we can always find such a number by 
averaging the two given numbers). We can 
therefore establish a correspondence be- 
tween the points on the line and the num- 
bers of arithmetic. 

To construct a number line, mark a zero 
point on a straight line and establish a 
unit of length that will allow you to mark 
off the points corresponding to the whole 
numbers. The remaining numbers of arith- 
metic will then correspond to points be- 
tween those so marked. In this way, each 
number corresponds to a unique point on 
the line, but a specific point may be desig- 
nated by an infinite variety of numerals, 
each of which names the same number. 

One important use of the number line is 
to aid in determining the order or relative 
size of numbers—a job often complicated 
by the use of different numeral forms. To 
a child, 90 per cent looks bigger than 36. 
But in the act of attaching these labels to 
points on the line, understanding is forced 
on the child. 

Some teachers have developed “number 
base” units of work for superior students. 
I am not advocating this, for my personal 
belief is that this type of material can be 
introduced before the youngster has 
achieved sufficient mathematical maturity 
to appreciate the beauty of this type of 
thing (the SMSG material includes a unit 
on numeration at the seventh-grade level), 
but it may be desirable to discuss 
briefly ‘numeral’ within this context. 

Our base ten notation dictates the value 
due to the position of a digit as well as 
the value due to the specific digit used. 
Consider the numeral 42. This numeral is 
understood to mean ‘4 tens and 2 ones.” 
If this same numeral is considered within 
the context of base five, the value of the 
“4”? due to position is no longer ‘‘4 tens.” 
The numeral 42 must now be understood 
to mean ‘4 fives and 2 ones.” Similarly, 
in base twelve, the numeral 42 means ‘‘4 
twelves and 2 ones.”? While the structure 
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of these various numeration schemes is 
identical, we see that a single numeral 
may represent as many different numbers 
as there are bases under consideration. As 
interesting as this may be, I do not believe 
it advisable to burden your students with 
this information unless you intend to do a 
fairly thorough job of teaching a unit on 
number base. A little dab of information 
at the wrong time might take the fun out 
of exploring a new dimension of mathe- 
matics at a later date. 

In your day-to-day teaching, other in- 
stances will undoubtably occur wherein 
an understanding of the number-numeral 
relationship will be of help in clarifying 
troublesome concepts for your students. 
If used with discrimination, the observ- 
ance of this distinction will serve you as an 
extremely useful pedagogical tool. 


Notes 


1. See page 4, footnote, “Appendices,” 
Report of the Commission on Mathemat- 
ics. 

2. See the opening paragraphs of 
“Number, Numeral, and Operation,” by 
John H. Clark, Tae ArtrHmetic TEACHER, 
VII (May, 1960) 222. 

3. Here we define the numbers of arith- 
metic as the set of nonnegative rational 
numbers. These may be thought of as the 
set of positive fractions and zero. The 
whole numbers are included in this set, 
since they may be written in fraction form 
with a unit denominator. 

4. An equally acceptable method is to 
multiply numerator and denominator by 
the reciprocal of the denominator (this is 
the rationale for the “invert and multiply” 
rule). 


6 6 5 6 5 30 
7 7 3 7 @ 21 30 
= ——-X = = =-_ 

3 3 5 3.5 1 21 
5 5 3 a 

10 
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Highlights 


of a summer conference 


CATHERINE LINN DAVIS 
University of Missouri, Columbia, Missouri 


Mrs. Davis is an instructor in the College of Education and supervisor of grade two 
in the University of Missouri Laboratory School. 


, the nation today teachers and 
students are being offered an opportunity 
for professional inspiration and growth 
under conditions unique to our times. 
Under the auspices of the National Science 
Foundation, an increasing number of 
universities and colleges are conducting 
institutes and conferences in science and 
mathematics. Participants in these in- 
stitutes receive stipends that make it 
financially possible, and often profitable, 
for them to attend. In many instances, 
they receive college credit toward ad- 
vanced degrees for the course work in- 
volved. 

During the past summer I had the good 
fortune to participate in the Summer 
Conference in Arithmetic and Mathemat- 
ics for College Teachers of Arithmetic 
Curriculum and Methods and Supervisors 
of Elementary Arithmetic Programs held 
at the University of California, Berkeley, 
California, from July 31 through August 
12. The conference was sponsored by 
Sacramento State College and the Uni- 
versity of California through a National 
Science Foundation grant. 


Conference goals and 
routines are set up 


The purposes of the Berkeley Confer- 
ence were to evaluate the teaching of 
arithmetic in the elementary school and to 
review critically the preparation of ele- 
mentary teachers in the light of the de- 
mands of our rapidly evolving, techno- 
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logical society and of the teacher’s chang- 
ing role. 

Fifty-eight participants attended the 
conference, coming from twenty-three 
states and representing fifty-two different 
college and university departments of 
mathematics and education, as well as 
supervisory staffs of elementary education 
in public school districts. 

Exclusive use of one of the dormitories 
on the campus of the University of Cali- 
fornia for housing, meals, and conference 
rooms provided the atmosphere and op- 
portunity for a friendly, natural, free dis- 
cussion of professional ideas and problems 
which would not have been possible other- 
wise. 


Well-known speakers provide 
stimuli to thought 


Each morning’s work consisted of lec- 
tures by two outstanding specialists in 
the fields of mathematics and mathemat- 
ics education. The afternoons were de- 
voted to a question period for each of the 
morning’s speakers and to a two-hour 
group discussion in one of three areas of 
special interest: college content and 
method, in-service training programs, and 
experimental programs. 

The conference speakers were Dr. How- 
ard F. Fehr, professor of mathematics, 
Columbia University; Dr. Izaak Wirszup, 
associate professor of mathematics, Uni- 
versity of Chicago; Mildred B. Cole, vice- 
president of The National Council of 
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Teachers of Mathematics; Dr. E. G. 
Begle, professor of mathematics, Yale Uni- 
versity; Dr. H. Stewart Moredock, pro- 
fessor of mathematics, Sacramento State 
College; Dr. Warwick W. Sawyer, Wesleyan 
University; Dr. Norman Rudy, professor 
of statistics and engineering, Sacramento 
State College; Dr. Roy Dubisch, professor 
of mathematics, Fresno State College; Dr. 
Ivan Niven, professor of mathematics, 
University of Oregon; Dr. May H. Maria, 
associate professor of mathematics, Brook- 
lyn College; Dr. Maurice R. Ahrens, pro- 
fessor of education, University of Florida; 
Dr. Carl B. Allendoerfer, University of 
Washington, president of the Mathemat- 
ics Association of America; Dr. Francis 
J. Mueller, assistant to the president, Uni- 
versity of Rhode Island. 


Areas of agreement 


In my opinion, these speakers were in 
complete agreement on the need for, and 
the general direction of, change in the area 
of the elementary curriculum and of 
teacher-training programs. They appeared 
to agree that while we cannot anticipate 
with assurance the future mathematical 
requirements of our students, if mathemat- 
ics is to serve as an effective tool for solv- 
ing the problems of this age, we must give 
major emphasis to the development of an 
understanding of the fundamental con- 
cepts of modern mathematics. They 
stressed that the negative attitude of 
many teachers toward mathematics must 
be altered. Teachers must understand and 
enjoy mathematics if they are to inspire 
pupils to do so. Mere computational skill 
is inadequate. Teachers must know the 
rationale. They must have flexibility with- 
in the computational structure. They must 
be able to relate the psychological prin- 
ciples of learning to the teaching of arith- 
metic. Certain modifications and improve- 
ments must be made in the mathematics 
curriculum at all levels if this is to be ac- 
complished. The speakers emphasized a 
need for in-service training programs. 
They indicated approval of the current 


January 1961 


trends to alter the traditional elementary 
curriculum to include: emphasis on the 
building of concepts, greater use of the 
discovery method of instruction, greater 
mathematical correctness, preciseness of 
language, complete rationalization of al- 
gorisms, and earlier introduction of many 
topics, i.e., algebra introduced earlier and 
taught over a longer period of time, more 
intuitive geometry placed lower in the 
grades. 

The participants at the conference in- 
vestigated the following experimental 
programs currently being conducted: the 
Madison Project; Schott Method; Cui- 
senaire-Gattegno Method, School Math- 
ematics Study Group, grades 4, 5, and 6; 
Geometry in the First Grade, Stanford 
University; the Scott, Foresman Experi- 
mental Mathematics Project, grade 7; 
Univerity of Illinois Arithmetic Project; 
University of Maryland Mathematics 
Project; Greater Cleveland Mathematics 
Program materials. Their investigation of 
these programs revealed that virtually all 
experimental programs in progress today 
and a number of the new text materials 
will require additional understanding or 
preparation on the part of teachers. Fu- 
ture pre-service and in-service programs 
must provide this background. 

In addition to the investigation of these 
experimental programs, the conference 
personnel considered the current programs 
of their own institutions. In the light of 
the conference speakers’ opinions and of 
their own deliberations, the group made 
the following recommendations concerning 
the mathematics curriculum, both content 
and methodology courses, which such in- 
stitutions should require for graduation 
and certification of elementary teachers. 


Conference recommendations 
on content 


1. One year of algebra and one year of 
geometry on the high school level. 
These courses should not be a prereq- 
uisite for entrance into the teacher- 
training program but should be prereq- 
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uisite for admittance to the mathe- 
matics content course for teachers. 

2. A sequence of approximately nine se- 
mester-hours for content and methods 
courses in mathematics with two-thirds 
being devoted to content courses and 
one-third to a course in the methods of 
teaching arithmetic to elementary- 
school children. It was suggested that 
these courses be taught at upper divi- 
sion levels following the courses in child 
growth and development and in the 
psychology of education. 

3. That the content portion of this se- 
quence include: 


First course: Elementary Number Concept 
(3 to 4 semester-hour credits) 


Introduction to sets (elementary concepts) 
Sets and subsets 
Inclusion, relation 
Union, intersection. complement 
Concept of number 

Cardinal and ordinal 

Equals and ordering relations 
Systems of numeration (caution: a limited 
discussion of early systems) 

Suggested systems and principles: 
Egyptian—base ten, additive 
Roman—modified base ten, additive 
Mayan—base twenty, additive, con- 
sistent use of symbol for zero 
Chinese-Japanese—symbols for one 
through nine, and symbols for 10, 100, 
1000, multiplicative 
Babylonian—base sixty, remnant in 
seconds and minutes 
Hindu-Arabic—base ten, positional 
value, zero 
Other bases—principles of positional 
notation of Hindu-Arabic, and zero, 
e.g., in a binary, octal, or duodecimal 
system 

Modular systems 
Mod. prime (e.g., 5 or 7) 

Mod. composite (e.g., 6, 8, 12) 
Addition and multiplication tables 
Closure, commutative, associative 
and distributive principles 

Additive and multiplicative identities 


Additive and multiplicative inverses 
Solution of simple equations 
Proper divisors of zero 


The number system 


Natural numbers (counting numbers) 
Definition of addition and multiplica- 
tion 
Closure, commutative, associative 
and distributive principles 
Prime and composite numbers; |.c.m., 
g.c.d. 

Zero and its properties 

Solution of simple linear equations 
Subtraction defined as the inverse of 
addition 

Integers (natural numbers, their nega- 

tives, and zero) 

Definition of addition, subtraction, 
and multiplication 

Closure, commutative, associative, 
and distributive principles 

One and its properties 

Solution of simple linear equations 
Division defined as the inverse of 
multiplication 

Rational numbers 
Definition of addition, subtraction, 
multiplication, and division 
Closure, commutative, associative, 
distributive principles 
Solution of simple equations 
Terminating and periodic decimals 
as rational numbers 

Irrational numbers 
mw (pi), nonrepeating, nonterminating 
decimals 

Real numbers 
Rationals and irrationals 
Number line 
Solution of simple equations 

Complex numbers 
(Introduction and elementary prop- 
erties) 


Measurement 


Concept of measurement 
Number as a quantitative 
Units of measurement 
Precision and accuracy 
Approximate compution 


Ratio, proportion, percentage 
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Second course: Logic and Geometry 
(3 to 4 semester-hour credits) 


Elementary logic 
The language of logic and sets 
Statements as propositions 
Connectives (and, or) and negation 
(not) 
Implication (if, ... then), 
and direct proof 
Logical reasoning 
Equivalent statements to lead to in- 
direct proof 
Necessary and sufficient conditions (if 
and only if) 
Sets and Venn diagrams 


syllogism 


Plausible reasoning 
Estimation and guessing 
Inductive reasoning 


Informal geometry 
Use of ruler, protractor, and compass 
Seale drawing, perspective, indirect 
measurement 
Definitions and properties of some sim- 
ple figures, such as triangle, circle, 
square, rectangle, ete. 
Intersection and parallelism of lines 
Similar triangles 
Three-dimensional concepts, cube, 
sphere, pyramid, cylinder, cone, regular 
solids 
Perimeters, areas, volumes 
Maps, latitude and longitude, great cir- 
cles 
Co-ordinate geometry 
Rectangular co-ordinate system 
Proof in analytic geometry 
Graphing a straight line, circle, and 
other conics 
Graphs of inequalities 
Graph solution of systems of equations 
and inequalities 
Geometry as a mathematical system 
Euclidean geometry 
Parallel postulate and its significance 
Non-Euclidean geometries (Descriptive 
introduction) 
A greater knowledge and understand- 
ing of mathematics than would be ob- 
tained from the courses outlined above is 
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necessary to teach mathematics at the 
seventh- and eighth-grade levels. 


Conference recommendations 

on in-service training 

Since it is necessary to acquaint many 
teachers and administrators with the need 
for improvement in the elementary-math- 
ematics program, the group recommended 
that a strong in-service education pro- 
gram be developed to include: 


1. Continuation and/or initiation of con- 
ferences and institutes organized on a 
local and national basis for the purpose 
of reviewing current experimental pro- 
grams, discovering ways to implement 
recommended changes in local mathe- 
matics curricula, and providing effec- 
tive in-service training related to con- 
tent as well as method. 


bo 


. A television course, similar to ‘‘Con- 
tinental Classroom,” to provide desir- 
able subject-matter background for ele- 
mentary teachers. 


3. Development of a series of films to help 
educate teachers in mathematics and 
its application in the classroom. These 
should be readily available on a rental 
basis. 


4. In-service education programs at the 
local district level through utilization 
of college-sponsored course work, par- 
ticipation in NDEA projects, regional 
conferences and workshops, district- 
wide curriculum study, teacher obser- 
vation of master teachers, a profes- 
sional library of arithmetic publica- 
tions, assistance for teachers through 
district or county consultants, utiliza- 
tion of local television facilities. 


It was recommended that local dis- 
tricts select effective leaders as representa- 
tives to national institutes and conferences. 
These representatives could then serve to 
co-ordinate local elementary-curriculum 
improvement. 
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The consensus of the conference par- 
ticipants was that “‘the key to the im- 
provement of the elementary-arithmetic 
curriculum and to the greater effectiveness 
of the elementary teacher lies in the in- 
clusion of increased mathematical content 
in the curriculum of teacher education 
bothat the pre-serviceand in-service levels. 
This should lead to the alteration of the 
arithmetic program in the elementary 
schools in the direction of greater mathe- 
matical understanding developed through 
a discovery approach so that it may be 
more universally applicable both to life 
situations and to further mathematical 
study. More effective presentation of 
mathematics to children is predicated on 
the assumption that teachers are well 
versed in the most efficient instructional 
procedures.’’* 


The personal factor 


While these findings are, I believe, of 
real significance and worthy of imple- 


* Preliminary publicity release prepared by committee of 
conference participants. 


mentation, there were other outcomes for 
the participants that may well be of even 
greater immediate importance. Through 
the impact of the various personalities and 
the opportunity for the exchange of views, 
there was generated in the participants 
not only a wider knowledge of mathemat- 
ics and methods of teaching arithmetic to 
elementary children but an attitude of 
enthusiasm for the task ahead. An in- 
creased sense of personal worth was 
created by the realization that one can 
make a more adequate contribution to- 
ward the goals of our profession. Both the 
future students of the participant and the 
employing institution will profit as a re- 
sult of a more confident, enthusiastic, and 
able teacher. 

I believe that the benefits to the in- 
dividuals involved, to the institutions by 
which they are employed, and to their 
future students are potentially so great 
that every effort should be directed to- 
ward increasing the number of such in- 
stitutes held and toward encouraging more 
teachers to seek the opportunities they 
offer. 


Call for candidates 


The Committee on Nominations and 
Elections is making plans for the 1962 elec- 
tion. Officers to be elected are: president, 
vice-president for senior high school, vice- 
president for elementary school, and three 


directors. 


The Committee invites your suggestions 
for candidates. Please submit names of 
able individuals, along with full informa- 
tion about their qualifications, to the 
Chairman of the Committee on Nomina- 
tions and Elections, Mr. Eugene Ferguson, 
Newton High School, Newtonville 60, 


Massachusetts. 


The Arithmetic Teacher 


Problems 


without numbers 


WALTER L. KLAS 


Woodrow Wilson School, San Leandro, California 


Dr. Klas is principal of Woodrow Wilson School. 


y present concern to secure challeng- 
ing programs for more able students has 
resulted in a number of interesting pro- 
posals. It appears that the acceleration 
versus enrichment problem is not yet 
settled. Indeed, the proposals for chal- 
lenging the more able students appear 
about evenly divided between the alter- 
natives. The important fact is that people 
are thinking about the problem and many 
good solutions are being offered and tested 
throughout the country. 

One of the outcomes of this concern has 
been the interest in the proposals of spe- 
cific techniques which facilitate the type of 
arithmetic program which more able stu- 
dents find stimulating. One such technique 
is offered here. It is hoped that it will be 
added to the stock of existing techniques 
which teachers have found profitable. 


Getting the pupil to ask, 

‘“‘What facts do | need?” 

The proposal is simply that problem 
situations be given students without in- 
cluding the numbers commonly used. The 
pupils’ job in solving the problems thus 
becomes one of determining what facts are 
needed as well as applying proper mathe- 
matical processes to the solutions. This 
technique can be effective at all levels of 
the curriculum and can be as complex or 
as simple as the teacher deems desirable 
for the group taught. 

Let us take an example at a primary 
level: “Jimmy has a number of marbles. 
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He is going to give some to his friend Bill 
and will still have some left. How many 
will he have left?’ To solve this problem, 
the pupil will need to ask for certain in- 
formation. This can be done either orally 
or in writing. He will need to know how 
many marbles Jimmy had in the beginning 
and how many he gave Bill. Knowing 
these two facts, the pupil then can easily 
apply subtraction to solve the problem. 
The important part of the solution is that 
the pupil considered what facts were 
needed not what mathematical process to 
apply. 


Providing for growth in ability 


At a higher level the problem situation 
can be changed to: ““How much will a va- 
cation cost a family?’’ This type of prob- 
lem can be made quite complex depending 
upon the information given the pupils as 
they work through the problem. Such 
items might be considered as size of fam- 
ily, length of vacation, method of travel, 
manner of eating, cost of gasoline, oil, and 
other car expenses, and destination. The 
possibilities of such a problem are virtually 
endless. In addition, much will be learned 
by the pupils because the teacher gives 
only the information asked for and does 
not protect pupils from making mistakes. 
All this will contribute to the thinking 
which must precede the application of 
mathematical processes. 

Among other types of situations which 
lead to this type of problem are: ‘How 
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much will this strip of sidewalk or road 
cost?” “How much will it cost to paint a 
house?” “How much will it cost to plow 
a field?” “What will be the cost of con- 
structing a swimming pool?” These ex- 
amples will lead readers to other problems 
involving similar situations. In fact, as 
teachers work through such problems 
other variations become evident and can 
be shared from teacher to teacher and 
adapted to suit the class involved. Then, 
too, pupils will offer other situations that 
lend themselves to the same type of solu- 
tion. 

More able students will be challenged 


by such problems because they involve 
more than the simple application of an 
already known process in arithmetic. 
Teachers know only too well the ability 
of bright pupils to make use of clue words 
in the solution of problems and thus to do 
very little thinking in the solution. The 
type of problem mentioned here lends 
itself particularly well to individual dif- 
ferences because the information given can 
be varied to suit individual pupils or given 
in units other than those requested by the 
pupil. Thus, the pupil would find a need 
for conversion to other units in the solu- 
tion of his problem. 


Will you contribute 
to a forthcoming 
yearbook? 


The Board of Directors of The National 
Council of Teachers of Mathematics at the 
April, 1960 meeting approved the prepara- 
tion and publication of a yearbook to be 
devoted to the problem of the mathemati- 
cal education of the talented student in 
grades K-12. 

It is intended that the yearbook be a 
source book of topics and materials which 
have been found useful in enriching the 
mathematics program of talented stu- 
dents, but which are not parts of either 
traditional or experimental courses. 

Under the chairmanship of Julius H. 
Hlavaty, the editorial committee, some 
members of which are listed below, has ac- 
cepted the responsibility of preparing the 
grade-level sections as indicated here. If 
you have material that you believe would 
make a contribution toward achieving the 
purpose of the yearbook, won’t you send 
your contribution to the appropriate mem- 
ber of the committee or to the chairman? 

Please submit your contribution no 
later than February, 1961. Where grade 
levels listed here overlap, send the ma- 
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terial to either committee member, but 
not to both. 
K-8 VINCENT J. GLENNON 
Director, Arithmetic Center 
Syracuse University 
Syracuse 10, New York 


JoserpH L. PAYNE 

3019 University School 
University of Michigan 
Ann Arbor, Michigan 
9-11 Henry SYER 
Kent School 
Kent, Connecticut 


Harry D. RupERMAN 
Hunter College High School 
930 Lexington Avenue 

New York 31, New York 


12, Honors 


Full credit will be given to each con- 
tributor whose material is used. 


Junius H. Hiavary 

Commission on Mathematics, CEEB 
475 Riverside Drive 

New York 27, New York 


The Arithmetic Teacher 


Testing—without tests 


K. L. HARRISON 


New Smyrna Beach High School, New Smyrna Beach, Florida 


Mr. Harrison is a junior high school mathematics instructor. 


W. often observe that students do 
poorly on tests in mathematics because of 
the psychological element of fear. This ele- 
ment may be reduced to a minimum with 
the same amount (possibly more, in some 
instances) of learning, and the teacher still 
achieves the primary purpose (often for- 
gotten by teachers themselves) of a test. 

Instead of the usual Friday test with 
mathematical manipulation, in its place 
substitute the writing of an “experience” 
book, thus involving the pupils with the 
subject instead of setting them against it. 
This experiment was carried out in a 
junior high school class of forty students: 
thirty-two girls and eight boys. It was in- 
teresting to note that for three report 
periods, or eighteen weeks, there was 100 
per cent participation on the part of the 
students. 

While the student was given instruction 
as to content required by the instructor, 
he was also asked to use his imagination in 
the construction of his book. Artistic abil- 
ity and imagination were to be used by the 
student with “no strings attached” by the 
instructor. Also, should the student wish 
to add any historical comment or delve 
deeper into the subject, he was encouraged 
to do so. A final restriction was most im- 
portant: the student was not to repeat 
any mathematical illustration used in the 
class discussion. 

Needless to say, the teacher worked as 
diligently as the students. Making correc- 
tions (of English as well as of mathemat- 
ics) and comments on each paper con- 
sumed approximately eighteen hours. 
Books were not handed back until each 
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had been read carefully. 

A chart of errors enlightened the teacher 
as to the points that would have to be 
strengthened by reteaching, in both 
group and individual instruction. All 
errors were to be corrected, and each 
week’s “experience”? was to be combined 
in a final form. At the end of the semester, 
the booklet was then assigned a grade. 

If you look at the textbooks and the 
workbooks, it is obvious that many 
authors believe manipulation is all that is 
necessary. Explanations of processes are 
mechanical, answering the question 
“How?” rather than the question ‘‘Why?” 
The student is left with little to think 
about. Another disturbing element is the 
lack of continuity. The problems are often 
isolated, and there is little or no exercise in 
sustained thinking. 

The ‘‘experience’”’ booklets give the stu- 
dent practice in sustained thinking; fur- 
thermore, the student must learn to ex- 
press ideas so that others can understand 
them. The minimal benefit of this method 
—so designated because not strictly within 
the limits of mathematics—is that the 
student learns to listen attentively, to take 
notes regularly, and to shape a continuous 
product as a reward for doing the daily 
prerequisites. 

The maximal benefit derived is the ap- 
preciation of the struggle the human mind 
makes to cope with the quantification of 
experience. There is, too, the satisfaction 
of trying to understand what makes a 
process work. Equally important is the 
fact that you have students who are en- 
chanted with mathematics! 
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The use of models 
in the teaching of mathematics 


ROGER OSBORN University of Texas, Austin, Texas 


Professor Osborn is a member of the Department of Mathematics, University of Texas 


Dastrnctinel materials make up an im- 
portant part of the equipment of the ef- 
fective teacher of elementary- or second- 
ary-school mathematics. The distinction 
between number and numeral is being 
made with increasing consistency and em- 
phasis in programs of mathematics in- 
struction being currently evolved. The de- 
velopment of this concept may, for many 
teachers, point up a need for new evalua- 
tion of the role of instructional materials 
in the classroom. The importance of the 
fact that the name of a thing and the thing 
itself are not the same has become more 
and more evident in mathematics pro- 
grams as teachers consider numerals as 
symbols we use to denote numbers. 
Those aspects of physical situations 
which involve number are those which 
concern the mathematician, the teacher of 
elementary mathematics, and the child 
learning mathematics. But only rarely, if 
at all, do mathematicians, teachers, or 
students work with the number aspects of 
the actual physical situation. Rather, they 
work with the number aspects of models 
of the actual physical situation. The fol- 
lowing problem illustrates the point. 


Diagrams as models 


A truck 8 feet wide and 34 feet long is 
traveling down a straight street at 30 
miles per hour. It is approaching a rail- 
road track which crosses the street at 
right angles. A train is also approaching 
the crossing. The train is 10 feet wide, 
432 feet long, and is approaching the cross- 
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ing at 40 miles per hour. At a given in- 
stant the front of the truck is 60 feet from 
the crossing, and the front of the train is 
88 feet from the crossing. Will there be a 
collision? If so, will the train strike the 
truck or the truck strike the train? 

How do we go about solving such a 
problem? Do we physically recreate the 
situation? We could, but in so doing we 
would be constructing a model of the 
original situation. We might draw a dia- 
gram—a model of the situation. Even the 
spoken or written words are models of the 
situation since the symbol 8 feet certainly 
is not the actual width of the truck. Even 
if we were the actual observer of the phys- 
ical situation, we would doubtless form 
some mental model (mental image) to 
solve the problem. 

Suppose we diagram the problem— this 
being the most likely treatment. 


30 M/HR. 
TRUCK 
34’ 60’ 
88’ 
TRAIN . 432’ 
40M/HR. 
10’ 


The Arithmetic Teacher 


The importance of accuracy 


We see that a drawing made nearly to 
scale may be most helpful in our visualiza- 
tion—and for teaching children I really 
believe we want our models to look as 
much like the actual physical situation as 
is feasible so that no misconceptions may 
arise from improper visualization—but 
only infrequently is actual scale drawing 
necessary. 

From our visualization of the situation, 
probably best obtained from the model, 
we see that the truck must go 60+10+34 
feet to clear the entire intersection. This is 
104 feet. Since the train is moving faster 
than the truck, it will cover the 88 feet 
between its initial position and the inter- 
section before the truck (which is moving 
more slowly) can clear the intersection. 
We know already, then, that there will be 
a collision. 

There is something additional to be 
learned from this model. It is that the 
model must represent the situation faith- 
fully enough to allow valid conclusions to 
be drawn. Suppose the model is drawn 
using only a spot for the intersection and 
a spot for the truck and a spot for the 
train, and chalk or pencil lines for the 
tracks and road. In such an event, one 
might conclude (erroneously) that the 
truck could cover the distance to the in- 
tersection in 1; seconds while the train 
would take 1} seconds, and hence that 
there would be no collision. 

Of course, if the train had been 500 feet 
from the intersection, then the point or 
spot diagram would have been a suf- 
ficiently faithful representation to allow 
the problem to be worked. 


Progressing in understanding 
from models to symbols 


Consider another example. If in the 
classroom one wishes to show how 8 horses 
and 14 horses may be “added,” one (in the 
absence of horses) may represent the situa- 
tion by pictures, tongue depressors in a 
place value chart, chalk marks on the 
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board, etc. Any one of these representa- 
tions is a model of the actual situation, and 
any one of them will be a sufficiently 
faithful representation to work the prob- 
lem under the condition that the children 
understand that this is a representation of 
the problem to be worked. Here, then, in 
another point that must be emphasized— 
the model must be understood if it is to 
serve effectively. 

Still a third point about this model 
“theory” must be emphasized and under- 
stood. That is that one does not usually 
work mathematics using the model of the 
physical situation, but the mathematics is 
done using a still more sophisticated 
model—a model of the model. What is this 
more sophisticated model? It is a set of 
symbols which we use—numerals; plus, 
minus, times, and division signs; equals 
signs; letters, and so on—in working the 
mathematical problem. In the problem of 
the truck and train, we do not compute 
times and distances by using the diagram, 
but we write down symbols expressing re- 
lations between distances, rates, and 
times, and we manipulate these symbols 
according to certain laws or rules. From 
these manipulations we obtain certain re- 
sults. 

Now, what do we do with these symbolic 
results? We relate them, however briefly, 
to the model, and then in turn we relate 
this to the physical situation. This gives us 
an over-all picture of the problem-solving 
process using the model theory. We start 
from an observed physical situation, or 
some concept of it, go to a model, go from 
there to a symbolic representation (a more 
sophisticated model) of the model, solve 
the problem in symbols, and then retrace 
the route from symbolic result to model to 
physical situation, drawing all the appro- 
priate conclusions at each step of the 
return trip. 


Appropriate teaching aids 


Having examined this approach to prob- 
lem solving, consider teaching aids as they 
relate to our model theory and as the 
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Symbolic representation 


Physical —| Model 
situation 
Interpret Interpret 
answer answer 
relative to 
relative to 
physical model 
situation 


theory relates to them. Most of the teach- 
ing aids used by teachers are either them- 
selves models or allow you to construct 
models of the problems you actually want 
to solve. As an example, the abacus allows 
you to make a model of a problem in which 
addition or subtraction is to be performed. 
The place value chart may be considered 
to represent more clearly the problem 
since one unit is not necessarily used to 
represent ten units. The Monroe Educa- 
tor, a cash register, a speedometer, or an 
adding machine makes it possible to con- 
struct a model in terms of numerals on a 


of problem 


Application of rules to 
solve symbolic problem 


{ 


Symbolic representation 
of answer 


dial instead of beads on a rod. With a 
chalkboard and piece of chalk many kinds 
of models may be constructed. 

An understanding of the use of models 
in teaching and learning mathematics en- 
ables the teacher to help students com- 
prehend more fully the operations they 
perform in solving problems. Students 
have problems that they can most readily 
resolve when they are able to distinguish 
between the actual situations about which 
they desire information and the model 
situations they utilize in finding this de- 
sired information. 


Ward Edwards of the University of Michigan 
knows of a designer who says: ‘‘Man is the only 
small, general purpose computer capable of com- 
plex control which is mass-produced free by un- 
skilled labor.’? Edwards was quoting this gifted 
phrasemaker as an example of machine-centered 
philosophy. Edwards insists men excel machines, 
and it is incorrect to start by asking what func- 
tions machines can perform and then let man do 


what is left. 


—The American Psychologist, August, 1960 
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The Arithmetic Teacher 


Percentage— 


noun or adjective? 


DAVID RAPPAPORT Chicago Teachers College, Chicago, Illinois 
Dr. Rappaport is Professor of Education at Chicago Teachers College. 


Prrctieins dealing with per cent have us- 
ually been considered among the difficult 
topics in the arithmetic curriculum in the 
elementary school. Adults as well as 
youngsters will readily confess to their 
lack of understanding of per cent. The 
same is true of students in refresher courses 
in mathematics who list the topic of per 
cent as one of the least-understood topics 
in arithmetic. 

The difficulties in teaching per cent have 
been described very effectively by Kinney 
in a recent article in The Mathematics 
Teacher.* One of the misunderstandings 
associated with per cent that was not men- 
tioned by Kinney, and is not mentioned by 
others, is a semantics or vocabulary dif- 
ficulty. The term ‘‘percentage”’ is used in 
two ways, as a noun and as an adjective. 
These two concepts have been inter- 
changed by scholars and research students 
as well as by the general public, and this 
has often resulted in conclusions that are 
not warranted by the facts. 

All per cent problems deal with three 
factors: the number being compared, the 
number to which it is compared, and the 
ratio expressed as hundredths. The num- 
ber being compared is the percentage, the 
number to which it is compared is the base, 
and the ratio expressed in hundredths is 
the per cent. The relationship between 
these three factors is expressed by the well- 
known formula, p/b=r. 


* Lucien B. Kinney, ““Teaching Percentage for Understand- 
ing and Use,"" The Mathematics Teacher i (January, 1958), 
38-41. 
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In the example #8=.80 or 80%, 40 is 
the percentage, 50 is the base, and .80 is 
the ratio or per cent. The phrase “‘per cent” 
refers to the ratio. The word “percentage” 
should refer only to the number being 
compared. It is, however, used as an ad- 
jective to describe problems containing 
per cents. The expression ‘percentage 
problems” is familiar. But when one says 
that the percentages increased because the 
per cents increased from 7 per cent to 8 
per cent, the statement may, or may not, 
be true. It is quite possible for the per cent 
to increase although the percentage de- 
creases, and also for the per cent to de- 
crease while the percentage increases. 

If a teacher has a class of 40 pupils and 
30 of them receive a passing grade, he can 
say that 75 per cent of the class received 
passing grades. If his class the following 
semester contains 50 pupils and 35 re- 
ceive passing grades, only 70 per cent of 
the class received passing grades. The per- 
centage increased from 30 to 35, but the 
per cent of pupils who passed decreased 
from 75 per cent to 70 per cent. 

The use of the word “‘percentage” when 
“per cent” is really meant can often be 
misleading. Three examples taken from a 
recent research bulletin illustrate the con- 
fusion of words. 

[Example 1] Large high schools (1000 or more 
students) edge out small (under 300 students) 
and medium-sized schools (300-999 students) of 
this type with over 57 per cent enrolled in math- 
ematics courses. Differences in percentage en- 
rollments among the three sizes of these schools 


are slight, however, and the over-all figure is 
56.5 per cent. 
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The second sentence in the first example 
is obviously incorrect. The differences in 
percentage enrollments are great, for the 
larger-sized schools have a larger base. 
What was meant was that the differences 
in per cent enrollments were small. 

[Example 2] But markedly in mathematics 
the percentage of graduates with four or more 
years moves up with school size—small, 9.7 per 


cent; medium, 15.3 per cent; and large, 17.3 per 
cent. 


Here in the second example it is true 
that the percentages as well as the per 
cents moved up. Since only the per cents 
were given, the author could just as well 
have said that the per cent moves up with 
school size. 

[Example 3] Although a very high percentage 
of these teachers believe that learning how to 


use various library resources should be a part of 
the education of all boys and girls... 


The third example was accompanied by 
a chart that made the statement itself 
misleading. The chart showed that almost 
60 per cent of the music teachers consider 
library materials important, but only 20 
per cent of the mathematics teachers con- 


sider library materials important. Whereas 
the mathematics teachers show a smaller 
per cent, the percentage for mathematics 
teachers is probably much higher than for 
music teachers because the number of 
mathematics teachers is much larger than 
the number of music teachers. 

If the phrase per cent, rather than per- 
centage, were used as both noun and ad- 
jective, no confusion would result. If the 
phrase per cents were substituted for per- 
centages in the above quotations, there 
would have been no change in the mean- 
ings of the statements. Mathematics 
teachers could help overcome this confu- 
sion in the topic of per cent if they would 
use the word percentage when the actual 
number is given, and reserve the phrase 
per cent for the ratios only. Let us talk 
about per cent problems rather than per- 
centage problems. Let us say that the per 
cents increased rather than the percen- 
tages increased, unless we really mean that 
the actual numbers increased. There are 
enough difficulties in teaching per cent 
without adding the semantic or vocabu- 
lary difficulty. 


Notice of Annual 
Business Meeting 


The Annual Business Meeting will be held at 
the Conrad Hilton Hotel in Chicago on April 6, 
1961. This meeting will be one of special sig- 
nificance to the members of the Council, for at 
this time proposed amendments to both the By- 
laws and the Articles of Incorporation will be 
presented. 

For some time the Board of Directors has felt 
that the objectives of the Council could more 
readily be realized if certain changes were made 
in the Bylaws. In the fall of 1959, a Bylaws Re- 
vision Committee was appointed. As the result 
of much study and deliberation by both the 
committee and the Board of Directors, certain 
important revisions have been prepared for the 
consideration of the members. 

It is important for several reasons that a non- 
profit organization such as ours have a tax- 
exempt status under the Internal Revenue Code. 


26 


The Council, since it became a department of 
the National Education Association, has been 
able to take advantage of the latter’s tax exemp- 
tion. However, it is questionable whether this 
practice could be adequately defended before 
the courts if it were challenged. So that the 
Council may apply for its own independent tax 
exemption, certain amendments of the Articles 
of Incorporation are required. These amend- 
ments have been worked out in consultation 
with an attorney and have been approved by the 
Board of Directors. 

A statement of the proposed amendments 
both of the Bylaws and the Articles of Incor- 
poration will be mailed from the Central Office 
to each member of the Council on February 27. 
It is hoped that every member will study these 
materials thoughtfully and that a large group of 
members will be present to discuss and make 
decisions on them at the Annual Business Meet- 
ing on April 6. 


M. H. AnRENpT, Executive Secretary 
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In the classroom 


Grouping—an aid in learning 
multiplication and division facts 


EDWINA DEANS 


Arlington Public Schools, Arlington, Virginia 


A; elementary-school children progress 
in their study of mathematics, they deal 
with numbers which are increasingly more 
complex and abstract. Around the third or 
fourth year in the grades, children’s work 
with operations requires an understanding 
of numbers of two or more places and a 
knowledge of regrouping in terms of our 
basic unit of ten. Attention to grouping 
arrangements assists children in their dis- 
covery of multiplication and division facts, 
and it assists them in the use of these 
facts in the operations of multiplication 
and division. 

The end goal of memorization of facts 
for immediate recall is facilitated if chil- 
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dren are first provided with opportunities 
to explore and discover facts for them- 
selves and to see relationships among them. 
Toward reaching this goal, you might try 
some of the following activities with 
grouping arrangements, adapting them to 
the learnings which are appropriate for 
your own class at this time. 


Suggested activities using 
grouping in multiplication 


1. Find equal groups for selected num- 
bers along a number line like that shown 
in Figure 1. 

Use the number line (Fig. 2) to illus- 
trate the commutative law which states 
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24=[]8’s; 24=[)3’s. 


24=(]6’s; 24=(]4’s. 


_ 


2 
24=[]2’s; 24=[]12’s. 


Figure 1 
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6 
3 3 3 
od 
5 10 20 | 
t 
4 4 4 
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8 8 
3X8 =24; 8X3 =24. 
Figure 2 


that the product is the same regardless of 
the order of the factors. Three groups of 
8 = 24; eight groups of 3= 24. 


2. Locate groups along the rows of ten 
on a 100-dot chart. 


@ 
Figure 3 


Provide each child with a 100-dot chart 
like that in Figure 3. The chart may be 
duplicated or made by children from a 
10X10 block of 43-inch squared paper. 
Five dots of one color and five of another 
on each row make grouping by 5’s possible 
and eliminate the necessity for counting 
by ones. Colors may be alternated on the 
lower half of the chart. 

Guide children in locating groups along 
the rows of ten. Figure 4 illustrates the 
procedure for groups of six. 

Children will apply the associative law 
as they use the chart to regroup numbers 
for ease in finding answers. 
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Two 6’s=6+(4+2) =10+42. 
Four 6’s=18+(2+4) =20+4. 
Seven 6’s=36+(4+2) =40+42. 
One 6=5-+1 or 6. 

Two 6’s=10+42 or 12. 

Three 6’s=12+6 or 10+8 or 18. 
Four 6’s = 18+-6 or 20+4 or 24. 
Five 6’s = 24+6 or 30. 


Other facts for 6 may be discovered in a 
similar manner. 

Guide children in using the same type of 
chart to assist them in completing exer- 
cises set up in such a way that the relation- 
ships among facts will be stressed. 

{ Two 6’s=(_] 
Four 6’s=[_] 

{ Five 6’s=[(_] 
Six 6’s=() 

Four 6’s=[_] 
Eight 6’s=[} 

30=(_]6’s 
42=([_]6’s 

60=[]6’s 
54=(]6’s 

3. Use a picture table to help children 
discover the many ways they can find an- 


swers for multiplication facts. The proce- 
dure is illustrated with a picture table of 


Figure 4 
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Figure 5 


8’s (Fig. 5). Methods include using groups 
of five and ten, using higher decade addi- 
tion and subtraction together with multi- 
plication facts, and doubling known multi- 
plication facts. 

Two 8’s=8+8 or (2X5)+(2X3). 

Four 8’s=16+16 or (4%5)+(4X3). 
Three 8’s=16+8 or (8X5)+(3X3). 

Six 8’s=24+24 or (6X5)+(6X3); or 
(3X10) +(6X3); or (5X8) +(1X8). 
Seven 8’s=(5X8)+(2X8); or (7X5)+ 
(7X3). 

Nine 8’s= (108) —8; or (5X8)+(4X8). 


Long division as regrouping 


This section describes two ways by 
which children may determine how a 
larger group, such as 365, may be rear- 
ranged into equal groups of 5. In Method 
A, tens and ones, or hundreds, tens, and 
ones are regrouped separately. Any re- 
mainder of hundreds must be regrouped 
with tens; any remainder of tens must be 
regrouped with ones. In Method B, groups 
of hundreds, then tens, then ones of the 
divisor are pulled out until the dividend 
is completely regrouped. 
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Perhaps the method chosen is not so 
important as the understanding children 
have of the method they use. Both methods 
can be taught with meaning. 

See if the series of examples, diagrams, 
and the explanations given will help your 
children understand better the method of 
long division you are teaching. Your 
talented children in mathematics may 
find it challenging to learn how to handle 
both ways. 


Method A 


Method A is illustrated with the ex- 
ample 3)48. 


16 

3)48 
30 (3 tens) 
18 (1 ten+8 ones or 18 ones) 
18 


| GROUP OF 3 
/ \ 


10 10 10; | 10 


1 TEN LEFT 


How many groups of 3 tens can you make 
from the 4 tens shown in the diagram? 
(One group ef 3 with 1 ten left.) 


How can you make groups of 3 ones from 
1 ten and 8 ones? 

(Change 1 ten to 10 ones to make 10+8, 
or 18 ones.) 


NN A / 
\ 2 3 4 5 6 


How many groups of 3 ones can you make 
from 18 ones? 
(Six groups of 3.) 

Help children understand that when 
they divide tens, they get tens; when they 
divide ones, they get ones. This under- 
standing helps with the placement of 
quotient figures, 


29 


Method B 


Method B is illustrated with the same 
example, 3/48. 
16 (10+6) 
3 [48 
(103)—30} 10 
18 
(6X3)—18) 6 


10 groups of 3=30 
6 groups of 3=18 


16 groups of 3=48 


Are there as many as ten groups of 3 in 48? 
If so, you can take out ten 3’s at once. 
How many are left? (18) 

How many groups of 3=18? (6) 

So, 10+6 or 16 threes = 48. 

The answer may be totaled above the ex- 
ample after the work is completed. 


Method A 


Method A is again illustrated, this time 
with the example 4/96. 


24 

4)96 
80 (2 tens X4 or 80) 
16 (4 ones X4 or 16) 
16 


| TEN LEFT 


2 
/ v 
[12] [10] Le] Le} [16] [12] mn 


30. 


How many groups of 4 can you make from 
9 tens? (2 with 1 ten left) 

How can you make groups of 4 from | ten 
and 6 ones? (Change | ten to ten ones to 
make 16 ones.) 


N N A / 


! 2 3 4 


How many groups of 4 can you make from 
16 ones? (4 groups of 4.) 


Method B 


Method B is again illustrated, using the 
example 41/96. 


24 (10+ 104-4) 
4|96 
(104)—40] 10 
56 

(104) 40} 10 
16 
(4x4)—16| 4 


10 groups of 4=40 
10 groups of 4=40 
4 groups of 4= 16 


24 groups of 4=96 


|) 234 5 6 7g 9 
40 


Can you make 10 groups of 4 from 96? 
Can you make 10 more groups of 4 from 
what is left? 

How many groups of 4= 16? 
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Method A 


Method A is illustrated with a three- 
place dividend in the example 8/346. 


[100] [100] [ro | [10] [ro] [ro] 


How many groups of 8 can you make from 
3 hundreds? 
(Help children to see there are no groups 
of 8 until the hundreds are changed to 
tens.) 
43 
8 |346 
32 
26 
24 
2 3 4 
[io}} 4 TENS TWO TENS LEFT 


30 tens+4 tens = 34 tens 


30 TENS 


How many groups of 8=34? 

(4 groups of 8 and 2 left.) 

34 tens=4 groups of 8 tens and 2 tens left. 
How many groups of eight can you make 
from 26 ones? 


(2 LEFT) 


A 
i 2 3 


Three groups of 8 with 2 left. 


Method B 


Method B is illustrated with the same 
three-place dividend. 


43 (40+3) 
8)346 
(408)320 | 40 
(3X8)24 | 3 
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Use the three number lines and your 
imagination to help you determine about 
how many groups of 8 you could make 
from 346. 


HUNOREDS it 


tens? __'? 3p = 
° ' 2 3 4 5 6 
300 + 40 +6 


Could you make 10 groups of 8 from 346? 
(Yes. 10X8=80) 


How about 20 groups of 8? 
(Yes. 20 X8= 160) 


How about twice 20? 
(Yes. 40X8=320) 


How many groups of 8= 26? 
(3 with 2 left) 


Summary 


At best the long division algorism is dif- 
ficult for children to learn. Regardless of 
the method used, they should be helped to 
reason out why each step in the procedure 
is necessary. Basic to success is keeping in 
mind the total job to be accomplished 
which is to regroup a given amount into 
groups represented by the divisor. Help 
the children focus on what is done next 
and why in order to achieve their goal. 
This emphasis will help them discover the 
steps to be taken and the order of steps. 

You may wonder if children themselves 
can draw long division diagrams similar to 
those presented. They will have little 
difficulty with the diagrams for Method B 
which are similar to those recommended 
for learning multiplication facts. If the 
diagrams for Method A prove too com- 
plicated for some children, they can still 
derive much understanding from observ- 
ing your demonstrations and participating 
in a discussion of what is happening and 
why. 
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Experimental projects and research 


The School Mathematics Study Group 
Project on Elementary-School 


Mathematics 


J. FRED WEAVER 


Boston University, Boston, Massachusetts 


The work of the School Mathematics 
Study Group (SMSG) is well known. Re- 
ports of its objectives, its organization, 
and its scope of activity have appeared in 
various sources.' This present account re- 
lates to one of the Study Group’s more re- 
cently organized activities, the SMSG 
Project on Elementary-School Mathe- 
matics. 


Origin and organization 
of the project 


The following statement by Professor 
E. G. Begle, Director of the School Mathe- 
matics Study Group, provides helpful 
background for this report of the proj- 
ect’s origin, organization, and present 
status: 

“Tt is the objective of the School Math- 
ematics Study Group to bring about an 
improvement in the teaching of mathe- 
matics in our schools. The increasing de- 
pendence of our society on science and 
technology makes this improvement im- 
perative. The number of our citizens 
skilled in mathematics must be greatly in- 
creased and an understanding of the role 
of mathematics in our society is now a 
prerequisite for intelligent citizenship. 

“In trying to bring about an improve- 
ment in school mathematics, it might seem 
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at first glance that it would be best to 
start at the beginning, kindergarten, and 
to work up. However, our procedure has 
been just the opposite of this. We have set 
a goal to aim at, a decision as to what we 
would like to have our students know 
when they finish high school. For example, 
our goal for the college-capable student is 
a program in high school which will enable 
him to take in his first college year a sub- 
stantial course in calculus. Tor the less 
capable student, our goal is a mastery 
and an understanding of as many mathe- 
matical skills as the student is capable of, 
and at the same time an understanding of 
the nature of mathematics and of the role 
of mathematics in our society. 

“Having set our goals, we then work 
backwards. One of the School Mathemat- 
ics Study Group projects which is cur- 
rently under way is the design of courses 
for grades 9 through 12. These will not 
only provide the mathematical prereq- 
uisites for a formal course in calculus but 
also as much informal and intuitive back- 
ground for such a course as possible. 

“Another of our projects is concerned 
with grades 7 and 8. Here we are attempt- 
ing to recast the program for these two 
years so that they will provide a much 
better intuitive background for the work 
of the higher grades. 
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“With the work on the curriculum for 
grades 7 through 12 well under way, it be- 
came appropriate to consider the mathe- 
matics curriculum in the elementary 
school. The high school mathematics cur- 
riculum rests on the foundation built in the 
first six grades, and an improvement in 
these grades might allow a substantial 
strengthening of the program for the 
higher grades. 

“For this reason, a conference on ele- 
mentary-school mathematics was held at 
the Conrad Hilton Hotel in Chicago on 
February 13 and 14, 1959. The [54] par- 
ticipants included college and university 
mathematicians, high school teachers, 
educational experts with special interest in 
arithmetic, supervisors, elementary-school 
teachers, psychologists, and representa- 
tives of scientific and government organi- 
zations having an interest in mathemat- 
ics.’’? 

The suggestions and recommendations 
growing out of this conference were re- 
ferred to an ad hoe committee and trans- 
lated into specific action proposals. In 
due time, the SMSG policy-making Ad- 
visory Committee approved the recom- 
mended downward extension of the Study 
Group’s over-all work to include the ele- 
mentary-school level, the National Sci- 
ence Foundation appropriated funds nec- 
essary to implement this new phase of 
SMSG activity, and a Panel on Elemen- 
tary-School Mathematics was appointed 
to initiate and supervise the work of the 
new project.’ The members of this panel 
met for the first time on January 30, 1960 
—within a year after the conference on 
elementary-school mathematics gave im- 
petus to the extension of SMSG activity 
to embrace grades K-6. 


National Council co-operation 

teaders of Tue ArirHMetic TEACHER 
will be interested to learn of the facilitat- 
ing role played by The National Council of 
Teachers of Mathematics in establishing 
the SMSG project on elementary-school 
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mathematics. In December, 1958, the 
Council’s Elementary-School Curriculum 
Committee (ESCC) submitted a report to 
the NCTM Board of Directors in which a 
preliminary plan of action was outlined 
for a comprehensive study of the elemen- 
tary-school mathematics curriculum.‘ This 
report included the recommendation that 
the proposed study be tied in as directly 
as possible with an appropriate ongoing 
mathematics curriculum project at the 
secondary-school level. 

Action soon followed. The Board ap- 
proved the ESCC report and authorized 
the president of the Council and the 
chairman of ESCC to explore with the 
director of the School Mathematics Study 
Group the possibility of Council co-opera- 
tion in organizing a downward extension 
of SMSG’s work to include activities at 
the elementary-school level along the gen- 
eral lines proposed in the ESCC report. As 
a consequence of this fruitful exploration, 
the director of the School Mathematics 
Study Group actively involved the au- 
thorized NCTM representatives in con- 
sultation at strategic times during the 
course of developments that culminated in 
the SMSG project on elementary-school 
mathematics. 


Putting the program together 


At the first meeting of the panel, men- 
tioned earlier in this account, various cir- 
cumstances and reasons prompted the de- 
cision to center project activity at this 
time on the mathematics program for 
grades 4, 5, and 6. In March, 1960, the 
members of the panel, augmented by five 
other persons, worked together unin- 
terruptedly for a full week preparing a de- 
tailed outline of a suggested mathematics 
program for the intermediate grades (4-6) 
that would be in keeping with the broad 
objectives and specific ongoing projects of 
the School Mathematics Study Group. 

For eight weeks during the summer of 
1960, more than twenty persons worked 
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together intensively as a writing team on 
the Stanford University campus to trans- 
late the above outline into appropriate in- 
structional material for both pupils and 
teachers. Fully half of the members of the 
writing team were classroom teachers 
or supervisors—persons directly and in- 
timately associated with elementary 
schools. The other members of the writing 
team included some of the persons who 
had prepared the program outline for 
grades 4-6, along with additional mathe- 
maticians and mathematics educators who 
have a special interest in the mathematics 
curriculum at the elementary-school level. 

Two small classes of children—one of 
beginning fourth-graders, the other of be- 
ginning sixth-graders—met daily during 
most of the eight-week period for mathe- 
matics instruction with a competent ele- 
mentary-school teacher. These classes per- 
mitted members of the writing team to 
have portions of their material tried out 
immediately as it was written, thus mak- 
ing it possible to settle some crucial ques- 
tions on an empirical basis. 


The program as it has 
now evolved 


In its present experimental form, the 


SMSG mathematics program for grades 
4-6 is divided into 25 units, as follows: 


Grade 4 


Concept of sets 

Numeration [including nondecimal bases] 

Introducing fractional numbers [‘‘com- 
mon fractions’’] 

Properties of addition and subtraction of 
whole numbers 

Techniques of addition and subtraction of 
whole numbers 

Properties of multiplication and division 
of whole numbers 

Techniques of multiplication and division 
of whole numbers 

Sets of points 

Recognition of common geometric figures 

Linear measurement 
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Grade 5 


Factors, primes, and common denomina- 
tors 

Properties and techniques of addition and 
subtraction of fractional numbers 
[““common fractions’’} 

Extending systems of numeration [‘‘dec- 
imal fractions,” including addition and 
subtraction] 

*Multiplication using the decimal system 
of numeration [whole numbers and 
“decimal fractions’’] 

*Division using the decimal system of 
numeration [whole numbers and ‘‘deci- 
mal fractions’’] 

Side and angle relationships of triangles 

Measurement of angles 

Area 


Grade 6 


Introducing the integers [the whole num- 
bers and their negatives} 
Introducing exponents 
Multiplication and division of fractional 
numbers [“‘common fractions’’| 
*Co-ordinates 
*Ratio applications, graphs, central tend- 
ency 
Sets and circles 
*Volume 


All units except the five that are starred 
(*) are in completed preliminary form for 
restricted experimental use during the 
1960-61 school year.’ The units have been 
listed in relation to the grade levels for 
which they are primarily designed. Some 
units, however, are being used this year 
at levels other than the designated one to 
provide content background that other- 
wise would not be developed. 

The listing also has been organized to 
group together related units at each grade 
level. This organization is somewhat dif- 
ferent from the sequence in which the units 
actually are being used in the classroom. 
In some instances more than one sequence 
of units is being tried out for experimental 
purposes with different classes. 
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New emphasis 
upon mathematical structure 


Even though a mere list of unit titles 
has obvious shortcomings in conveying 
program content, several things should be 
rather apparent. In particular, the reader 
is very likely to sense the emphasis upon 
mathematical structure, the inclusion of a 
substantial amount of content from geom- 
etry, and an extension of arithmetic con- 
tent to embrace topics normally not in- 
cluded at the intermediate-grades level. 
These things, coupled with others not evi- 
dent from the unit listing, reflect the 
mathematical spirit which permeates the 
whole of the SMSG effort at all grade 
levels. 

During the 1960-61 school year, use of 
the SMSG mathematics program for 
grades 4-6 is concentrated in eight experi- 
mental centers located from coast to coast. 
Each of these centers generally includes 
twelve classrooms—six in grade 4, three in 
grade 5, and three in grade 6. In keeping 
with SMSG policy, closely associated with 
each center is a college or university 
faculty member qualified to serve as a 
mathematics consultant to the elemen- 
tary-school teachers who are using the ex- 
perimental units. Similar consultant serv- 
ice is provided in the case of the twenty 
additional “points’’ which serve to aug- 
ment the work of the eight experimental 
centers. 

All in all, the plan of development and 
experimentation being carried out in con- 
nection with the SMSG mathematics pro- 
gram for grades 4—6 will follow the same 
general pattern as that used in connection 
with the SMSG programs for grades 7-8 
and 9-12. At appropriate times in the fu- 
ture, progress reports relating to the 
School Mathematics Study Group project 
on elementary-school mathematics will ap- 
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pear in the SMSG Newsletter® and in this 
section of THe ARITHMETIC TEACHER. 


Notes 


1. Two of the more recent accounts of 
the over-all program of SMSG activity 
appeared in the School Mathematics Study 
Group Newsletter No. 4 (March, 1960) and 
in the October, 1960 issue of The Mathe- 
matics Teacher. 

2. Quoted from the SMSG Report of a 
Conference on Elementary-School Mathe- 
matics. 

3. The members of the SMSG Panel on 
Elementary-School Mathematics are: E. 
G. Begle (Yale University), ex officio; E. 
Glenadine Gibb (Iowa State Teachers 
College), W. T. Guy (University of Texas), 
S. B. Jackson (University of Maryland), 
Irene Sauble (Detroit Public Schools), 
M. H. Stone (University of Chicago), and 
J. F. Weaver (Boston University). 

4. A brief report of the work of the 
NCTM Elementary-School Curriculum 
Committee appeared in the March, 1959 
issue of THe ARITHMETIC TEACHER and in 
the April, 1959 issue of The Mathematics 
Teacher. 

5. Each unit consists of two parts: a 
booklet for the pupil and an accompanying 
commentary for the teacher. It is expected 
that the five starred units will be com- 
pleted during the summer of 1961. For the 
present school year of 1960-61, material 
from the regular arithmetic program will 
be used in place of these units. 

6. Interested persons wishing to receive 
future issues of the SMSG Newsletter may 
request to have their names placed on the 
mailing list by writing to Dr. John Wag- 
ner, Assistant to the Director, School 
Mathematics Study Group, Drawer 2502 
A, Yale Station, New Haven, Connecti- 
cut. 
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Reviews 


Books and materials 


Edited by 


CLARENCE ETHEL HARDGROVE 
Northern Illinois University, DeKalb, Illinois 


The World Book Encyclopedia, 20 Volumes. 
J. Morris Jones (editor in chief). Chi- 
cago: Field Enterprises Educational 
Corporation, 1960. Cloth, 11,720 pp. 
Cloth, $139; to schools, $104. Fabricoid 
binding, $159; to schools, $115. 


This review is limited to the material on 
arithmetic in the World Book Encyclopedia. 
Other aspects of mathematics, such as 
algebra, calculus, and topology, are not 
discussed here since they are of primary 
interest in secondary school and college. 
Such topics, by the way, appear to have 
received good coverage. 

To most people, the word “encyclo- 
pedic” conveys quite properly the impres- 
sion of complete and detailed exhaustion 
of a subject. Perhaps, however, it is not 
until the reader endeavors to examine an 
encyclopedia for all references to a subject 
such as arithmetic that he truly can ap- 
preciate the word. The World Book is en- 
cyclopedic in its coverage of arithmetic. 
Four to six pages each are given to the 
large topics, “Arithmetic,” ‘Addition,’ 
“Subtraction,” “Multiplication,” ‘Divi- 
sion,” ‘Percentage,’ “Measurement,” 
“Metric System,” and “Decimal Number 
System.” Ten pages are given to “Frac- 
tion.”” Less space, but more than mere 
mention, is given to “Ratio,” ‘Propor- 
tion,” “Roman Numerals,” 
“Binary Arithmetic,” “Zero,” and similar 
topics. Far too numerous to mention are 
related topics such as ‘Computers,” 
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“Abacus,” “Auditor,” 
“Weights,” and “Measures.” 

The last volume of the set, Volume 20, 
is entitled Reading and Study Guide. It is 
an index, yet more too. It begins with a 
brief section on how to use the World Book 
for browsing, systematic study, and per- 
sonal guidance. Then the remainder of the 
volume presents the contents of the entire 
set in topical outline form. Arithmetic is 
well represented here. 

The general section, ‘Arithmetic,’ sets 
forth very well the value of arithmetic as a 
tool subject. It does not, however, call at- 
tention to the important aspects of the 
structure of arithmetic that contribute 
through intuitive understanding to a good 
foundation for more advanced mathemat- 
ics. An analysis of arithmetic problems 
into two classifications, those solved by 
counting and those solved by measuring or 
comparing, seems too restricted. The main 
part of “Arithmetic” briefly outlines ways 
to work with numbers, both whole num- 
bers and fractions. Here the development 
is good. Operations are clearly related to 
place value and the concept of base ten. 
Illustrative examples are both practical 
and well suited to their use as concrete be- 
ginnings for later abstractions. 

A moderately serious weakness of 
“Arithmetic” is a confusion about just 
what are numeral systems and number sys- 
tems, as seen in the following quotations 
from Volume A. On page 550, we read, 


“Discount,” 
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“Ways of putting numbers in order are 
called numeral systems, or sometimes 
number systems.”’ But on page 552, we find, 
“Thus, in problems that relate to numbers 
of men, eggs, houses, and so on, we can 
answer in whole numbers. The numeral 
system 0, 1, 2, 3, and so on, fits this sort of 
problem and we have no need of frac- 
tions.’’ Clearly the purpose of the second 
quotation is to contrast whole numbers 
and fractions, so the reference is to number 
systems, not about ways to write numbers. 

At the risk of appearing too faithful to 
current movements to “clean up the lan- 
guage,” I must add that in several places 
the World Book fails to be clear on this 
point. From “Decimal Number System 
[sic],”’ we learn that, ‘““The English-speak- 
ing countries continue to use some meas- 
urements that are not based on the decimal 
number system.”’ {Italics mine.] (Vol. D, p. 
62.) Does the writer not mean ‘‘... on 
the base ten’’? 

From “Duodecimal,”’ one finds that, 
“TDuodecimal is the name given to a sys- 
tem of numbers based on 12.” (Vol. D, p. 
310.) In “Roman Numerals,” there is the 
statement that, ‘‘All Roman numbers are 
written from seven basic numerals.”’ (Vol. 
R, p. 395.) In “Binary Arithmetic,’ we 
note that, “Binary arithmetic uses an ex- 
tremely simple number system.” (Vol. B, 
p. 239.) 

But in “Computers,” the following quo- 
tation illustrates one way to express the 
above correctly: “Binary arithmetic is 
based on a numbering system that uses 
only two digits: 0 and 1.” (Vol. C, p. 743.) 
Finally, in ““Number,” we are told, ‘“Num- 
ber is a word that tells how many.” (Vol. 
N, p. 449.) 

Here, it seems, the World Book lost an 
excellent opportunity to come as close as 
such a nontechnical publication can to 
clarifying the distinction between ‘‘num- 
ber’ and “numeral” and bringing to light 
the abstract nature of number. 

Four important sections, “Addition,” 
“Subtraction,” ‘Multiplication,’ and 
“Division,” are all organized similarly. 
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The following outline for “Addition’’ il- 
lustrates this: 
I. Learning to Hold 
II. Adding Larger Numbers 
III. Checking Addition 
IV. Addition Rules to Remember 
V. Fun with Addition 

VI. Practice Examples 

Addition facts are illustrated carefully, 
starting with concrete counting situations. 
Where the importance of learning addition 
facts is stressed, meaningful interrelation- 
ships are pointed out as aids to learning 
the facts. The concept of base ten and 
place value are clearly shown to be the 
basis for addition beyond the facts. 

“Subtraction” follows the same good 
pattern: flowing smoothly from concrete 
to abstract; careful attention to base ten 
and place value; the different problem 
situations using subtraction. Both ‘“Ad- 
dition” and ‘Subtraction’ fail slightly in 
their practice examples, for there are no 
verbal problem situations given. 

In “‘Multiplication,” ideas are presented 
slightly more abstractly than in the sec- 
tions just discussed. This seems quite 
proper. However, this may have led to a 
less meaningful approach to multiplying 
by even tens, hundreds, etc. The same 
comment applies where multiplying by a 
factor with an “inner zero”’ is shown. 

The “Division” section relies almost ex- 
clusively on the notion of division as re- 
peated subtraction. This, together with a 
strong emphasis on place value, is used to 
develop long division. This approach il- 
lustrates clearly the process of long divi- 
sion for the beginner. Examples are given 
showing that what you do with a remain- 
der depends on the kind of problem. 

In its development of division with deci- 
mal fractions, of short division, of check- 
ing division, etc., this article shares with 
the other major articles on arithmetic a 
concern for developing rules meaningfully. 

The “Fraction” section has pictorial 
illustrations that are mathematically 
sound and that convey meanings both in 
developing basic concepts and in present- 
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ing operations with fractions. Practical ap- 
plications are well used in illustrating the 
ideas in the section. 

The section entitled ‘Percentage’ is a 
fairly standard presentation of the sub- 
ject. A wide range of genuine applications 
of percentage is exhibited in the develop- 
ment of the topic. However, the applica- 
tions are not used in the practice examples. 
This section seems quite deficient in one 
aspect. No mention is made of the relation 
of per cent to ratio or to the use of propor- 
tions in calculations with per cents. 

In the article on “Ratio,” a ratio is de- 
fined as a ‘‘quotient of two numbers of the 
same kind.” The context of what follows 
makes this clear. “There is no such thing 
as the ratio of two numbers unless the two 
numbers can be expressed in the same 
units.” (Vol. R, p. 143.) This seems too 
narrow an interpretation. No mention, 
even in cross reference, is made to propor- 
tions or to per cent, an important instance 
of ratio. 

In “Proportion,” the presentation is ab- 
stract, i.e., without any application in il- 
lustration or practice example to problem- 
solving, as was done in the World Book 
presentation of other major areas of 
arithmetic. Reference here is made to 
ratio, but no connection with per cent is 
made. 

In most of the arithmetic sections of any 
length, historical material is included and 
is, on the whole, quite good. One may 
regret the omission, in “‘Abacus,” of ref- 
erence to the conflict between abacists and 
algorists. In “Roman Numerals,” three 
clever pictures use considerable space to 
show how awkwardly a Roman soldier 
would have performed multiplications 
with numbers expressed in Roman nu- 
merals. (Vol. R, p. 395.) There follows an 
algorithm similar to today’s. However, 
was this ever an issue? A person experi- 
enced with computation on an abacus was 
(and still would be) rapid and accurate. 

The articles on arithmetic have almost 
all been written by different persons. Most 
of the contributors are recognized authori- 
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ties on arithmetic. In the main, the writers 
of the articles have done excellent work in 
presenting their ideas completely, con- 
cisely, and meaningfully. Behind these ar- 
ticles lies a fairly uniform philosophy in 
the teaching of arithmetic. Undoubtedly 
this is due to the care given the editorial 
supervision. In spite of such care, certain 
fine points of mathematical correctness 
consisting of terminology, interrelation of 
topics, and pedagogy were missed. 

The strong points of the World Book in 
its presentation of arithmetic far outweigh 
its weaknesses. Its articles have utilized, 
for the most part, the best developments 
of arithmetic textbook writing. Pictures 
are clear and up-to-date. Language is 
readable and up-to-date. Children like to 
read the World Book. (There were several 
times during this reviewing when minor 
conflicts arose because my two daughters 
were also using the volumes.) When they 
want to find a brief, yet clear and mean- 
ingful explanation of something in arith- 
metic, I will feel my children are safe in 
using the World Book Encyclopedia. 

LYMAN C. PECK 
Ohio Wesleyan University 
Delaware, Ohio 


Books received 


Arithmetic, Fred Marer, Samuel Skolnik, and 
Orda E. Lewis. Boston: Little, Brown and 
Company, 1960. Cloth, viii+246 pp., $4.00. 

Arithmetic Handbook, Martin H. Ivener. Box 
321, North Hollywood, California: Martin 
Publishing Company, 1960. Paper, 60 pp., 
$1.00. 

Elementary and Junior High School Mathematics 
Library, Clarence Ethel Hardgrove. Wash- 
ington, D.C.: The National Council of Teach- 
ers of Mathematics, 1960. Paper, 32 pp., 
$0.35. 

High School Mathematics Library, William L. 
Schaaf. Washington, D.C.: The National 
Council of Teachers of Mathematics, 1960. 
Paper, 36 pp., $0.40. 

Magic House of Numbers, Irving Adler. New 
York: The John Day Company, 1957. Cloth, 
128 pp., $3.00. 

Numbers Old and New, Irving and Ruth Adler. 
New York: The John Day Company, 1960. 
Cloth, 48 pp., $2.00. 
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National Council of Teachers of Mathematics 


Report of the Nominating Committee 


Ths Committee on Nominations and 
Elections presents its nominees for offices 
to be filled in the 1961 election. The term 
of office for the two vice-presidents is two 
years. Three directors are to be elected for 
terms of three years. 

In making nominations for the three 
director positions, the Committee followed 
the directive adopted by the Board of 
Directors in 1955 which states, ““Nomina- 
tions shall be made so that there shall be 
not more than one director elected from 
each state, and that there shall be one di- 
rector, and not more than two, elected 
from each region.””’ Members may consult 
The Mathematics Teacher for October, 
1955, for a map of the regions as they are 
now defined. 

Ballots will be mailed on or before 
February 15, 1961 from the Washington 
Office to members of record as of that date. 
Ballots returned and postmarked not later 
than March 15, 1961 will be counted. 

The Committee wishes to thank the 
many members of the NCTM for help in 


giving their suggestions for hominees. It is 
hoped that all members of our organiza- 
tion will be sure to exercise their privilege 
of voting. 


Oscar F. Scuaar, Chairman 
Fawcett 

W. EvGENE FERGUSON 
LENORE JOHN 

Houston T. KARNES 

W. C. Lowry 

Ipa B. 

Max SoBe. 

LoTTcHEN HUNTER 


Nominees: vice-president, 
college level 


Bruce E. Meserve 


Professor of Mathematics and Chair- 
man, Department of Mathematics, Mont- 
clair State College, Upper Montclair, New 
Jersey. 


Bruce E. Meserve 
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Myron F. Rosskopf 
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A.B., Bates College; A.M. and Ph.D., 
Duke University. 

Teacher of mathematics, Moses Brown 
School, 1938-41; graduate work at Duke 
University, 1941-42, 1945-46; Civilian 
Public Service, 1942-43; U.S. Army, 
1943-45; instructor (1946-48), assistant 
professor (1948-54) of mathematics, Uni- 
versity of Illinois; associate professor 
(1954-57), professor and chairman of 
mathematics (1957 ), Montelair 
State College, teacher in Montclair State 
College Demonstration High School, 
1954-57, 1958-59, 1960. 

Fellow, AAAS. Member: AMS, MAA, 
AMTNE, AMTNYC, CASMT, NJAS, 
NJEA, Phi Beta Kappa, Sigma Xi, and 
Kappa Mu Epsilon. Vice-president of 
AMTNJ, 1960————;; vice-president, II- 
linois Council of Teachers of Mathematics, 
1952-54; chairman, New Jersey Section of 
MAA, 1957-58. Member: UICSM, 1951- 
54; NAS/NRC Film Evaluation Board, 
1957; panel on teacher training materials 
of SMSG; panel on teacher training of the 
Committee on the Undergraduate Pro- 
gram in Mathematics. 

Listed in: American Men of Science, 
Leaders in American Science, Who’s Who 
in American Education, Who’s Who in the 
East, and World Directory of Mathemati- 
cians. 

Activities in NCTM: Member, Board of 
Directors, 1958-61; Budget Committee, 
1959-62; Yearbook Planning Committee, 
1957-61. Representative of NCTM on 
AAAS Co-operative Committee on the 
Teaching of Science and Mathematics, 
1958-62. Past chairman of Committee on 
Research, Committee on Co-ordination of 
Mathematics with Business and Industry, 
Committee on Secondary School Stand- 
ards. Past member of Secondary School 
Curriculum Committee, Committee on 
Institutes and Summer Workshops, and 
Editorial Committee of Twenty-third 
Yearbook. 

Publications: Coauthor with Virgil 8S. 
Mallory and Kenneth C. Skeen of First 
Course in Geometry; General Mathematics 
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(2nd ed.); First Course in Algebra, and 
Second Course in Algebra. Coauthor with 
J. B. Rosenbach, E. A. Whitman, and P. 
M. Whitman of College Algebra (4th ed.); 
Essentials of College Algebra (2nd ed.), and 
Intermediate Algebra for Colleges (2nd ed.). 
Author of Fundamental Concepts of Al- 
gebra; Fundamental Concepts of Geometry, 
and over forty articles and reviews in 
professional journals. 


Myron F. Rosskopf 


Professor of Mathematics, Teachers 
College, Columbia University, New York, 
New York. 

A.B., University of Minnesota; M.A., 
University of Minnesota; Ph.D., Brown 
University. 

Teacher and head of department of 
mathematics, John Burroughs School, 
Clayton, Missouri; associate professor of 
mathematics and education, Syracuse Uni- 
versity. 

Member: NCTM, MAA, AMS, Sigma 
Xi, Phi Beta Kappa, Phi Delta Kappa, Pi 
Mu Epsilon; AAUP, New York Academy 
of Sciences. 

Activities in NCTM: Associate editor, 
The Mathematics Teacher; past member 
and chairman, Yearbook Planning Com- 
mittee; member of Nominations Com- 
mittee, 1958; delegate to International 
Congress of Mathematicians, Amsterdam, 
The Netherlands, 1954. 

Other activities: Charter member of As- 
sociation of Mathematics Teachers of New 
York State; past president of AMTNYS; 
past member of council and executive 
committee of AMTNYS; member of writ- 
ing groups of Commissionon Mathematics, 
CEEB. 

Publications: Numerous articles appear- 
ing in The Mathematics Teacher, School 
Science and Mathematics, Teachers College 
Record, and other periodicals; chapters in 
various NCTM yearbooks; coauthor of 
textbooks on elementary, secondary, and 
college levels. 
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Helen L. Garstens 


Nominees: vice-president, 
junior high school level 


Helen L. Garstens 


Associate Director, University of Mary- 
land Mathematics Project, University of 
Maryland; Lecturer in Mathematics and 
Education, University of Maryland. 

B.A., Hunter College, New York City; 
graduate study at Columbia University, 
University of Virginia, Georgetown Uni- 
versity. 

Senior high school teacher in New York 
City; teacher in elementary, junior high, 
and senior high schools of Arlington, 
Virginia; supervisor of secondary mathe- 
matics, Arlington, Virginia; demonstra- 
tion teacher for National Science Founda- 
tion Summer Institute for Junior High 
School Mathematics Teachers at Univer- 
sity of Maryland. 

Member: NCTM, Arlington Chapter of 
NCTM, AAAS, Washington Academy of 
Sciences, Pi Mu Epsilon, Phi Beta Kappa. 

Activities in NCTM: Member; par- 
ticipant in NCTM convention programs; 
organizer of Arlington Chapter of 
NCTM; committee member for Washing- 
ton, D.C. meeting. 

Other activities: Extensive participa- 
tion as consultant and lecturer in in-serv- 
ice activities for mathematics teachers 
sponsored by school systems, universities, 
individual chapters of NCTM; guest lec- 
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Mildred Keitffer 


turer at summer institutes and workshops; 
Committee for Gifted in Mathematics, 
NEA; writing of curriculum materials for 
UMMaP; writing team for grades 4, 5, 6 
for SMSG; citation by Washington Acad- 
emy of Sciences for work in mathematics 
curriculum development and_ teacher 
training. 

Publications: Articles in THe ARITH- 
METIC TEACHER, 7'he Mathematics Teacher ; 
“Experimental Mathematics for the 
Seventh Grade,”’ NEA Journal; contribu- 
tor to Mathematics for the Junior High 
School, First Book, Second Book, UMMaP. 


Mildred Keiffer 


Supervisor of Mathematics, Secondary 
Schools, Cincinnati, Ohio. 

A.B., University of Cincinnati; M.A., 
Columbia Teachers College; workshops 
at Duke, Rutgers, University of Wiscon- 
sin, University of Maryland. 

Teacher in elementary, junior, and sen- 
ior high schools of Cincinnati; supervis- 
ing teacher, assistant supervisor, super- 
visor of secondary school mathematics of 
the Cincinnati Public Schools. 

Member: NCTM, MAA, AAAS, ASCD, 
CASMT; Ohio Council of Teachers of 
Mathematics; Mathematics Club of 
Greater Cincinnati; Phi Beta Kappa; 
Delta Kappa Gamma; Kappa Delta Pi; 
OFA; life member of NEA. 

Activities in NCTM: Member at vari- 
ous times of NCTM committees on Sup- 
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plementary Publications, Membership, 
Nomination, Television; Editorial Board, 
The Mathematics Teacher; Subcommittee 
of the Secondary School Curriculum Com- 
mittee; speaker at various meetings; chair- 
man of NCTM Regional Orientation 
Conference in Cincinnati. 

Other activities: Consultant for OCTM 
Workshops, Shell Program at Cornell; 
former president of Cincinnati Mathemat- 
ics Club, Ohio Council of Teachers of 
Mathematics; SMSG writing teams at the 
University of Michigan and Stanford Uni- 
versity; SMSG Panel for Non-College- 
Bound Students; Engineering Society 
Mathematics Tournament Committee. 

Publications: Coauthor with Margaret 
Joseph of Basic General Mathematics; 
contributor to NCTM bulletins and 
pamphlets, and to Bulletin of National As- 
sociation of Secondary School Principals. 


Nominees 
for board of directors 


Max Beberman 


Central Region 


Professor of Education, University of 
Illinois; Teacher of Mathematics, Univer- 
sity of Illinois High School; Director, Uni- 
versity of Illinois Committee on School 
Mathematics [UICSM] Project. 


Maz Beberman 
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Lurnice Begnaud 


B.S., College of the City of New York; 
A.M. and Ed.D., Columbia University. 

Teacher of mathematics in Nome 
(Alaska) public school; Teachers College, 
Riverdale (New York) Country Day 
School; associate professor of education, 
Florida State University. 

Member: NCTM, MAA, AMS, 
CASMT, AAAS, Phi Delta Kappa, Kappa 
Delta Pi, Pi Mu Epsilon. 

Activities in NCTM: Editor, The Math- 
ematics Student Journal, 1956-58; mem- 
ber of Publications Board. 

Publications: various articles in The 
Mathematics Teacher, The School Review, 
Educational Leadership; author of An 
Emerging Program in School Mathematics 
(Inglis Lecture); coauthor of Algebra, 
Course I; Algebra, Course II; High School 
Mathematics [Units 1, 2, 3, 4, 5, 6). 


Lurnice Begnaud 


Southwestern Region 


Supervising Teacher, Southwestern 
Louisiana Institute, Lafayette, Louisiana; 
Head of Mathematics Department, La- 
fayette Senior High School, Lafayette, 
Louisiana. 

B.S8., Southwestern Louisiana Institute; 
M.A., Louisiana State University. 

Mathematics teacher, Milton High 
School, Milton, Louisiana; Carencro High 
School, Carencro, Louisiana; staff member 
of Louisiana State University Summer 


John A. Brown 
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William T. Guy, Jr. 


Mathematics Institute, 1950-59; staff 
member of Duke University Summer 
Mathematics Institute, 1952. 

Member: NCTM, Phi Kappa _ Phi, 
Kappa Mu Epsilon, NEA, Louisiana 
Teachers Association, Association for Stu- 
dent Teaching, American Association of 
University Women. 

Activities in NCTM: state representa- 
tive for NCTM in Louisiana; past presi- 
dent of Louisiana-Mississippi Section of 
NCTM; appearances on convention pro- 
grams. 

Other Activities: Consultant in numer- 
ous summer parish (county) workshops 
throughout Louisiana; participant in con- 
vention programs on a local, state, and 
national level; past president, Mathemat- 
ics Section of Louisiana Teachers Asso- 
ciation. 


John A. Brown 


Northeastern Region 


Professor of Education and Mathemat- 
ics, University of Delaware, Newark, Del- 
aware. 

B.S., LaCrosse State College; M.S., 
Ph.D., University of Wisconsin. 

Teacher at Mattoon High School, Mat- 
toon, Wisconsin; Oconto High School, 
Oconto, Wisconsin; Merrill High School, 
Merrill, Wisconsin; Wisconsin High 
School, University of Wisconsin; State 
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Julius H. Hlavaty 


Rachel P. Keniston 


University Teachers College, Oneonta, 
New York. 

Member: NCTM, AAAS, AERA, NEA, 
MAA Delaware Mathematics Council. 

Activities in NCTM: former depart- 
mental coeditor; member of Committee on 
Guidance Pamphlet. 

Other activities: member of SMSG 
junior high panel; SMSG writing team. 
1958 and 1959; director of SMSG Center 
at the University of Delaware; depart- 
mental coeditor for The American Mathe- 
matical Monthly; regional representative 
of MAA Visiting Lecture Program. 

Publications: Contributor to NCTM 
Twenty-second Yearbook; coauthor of 
textbooks; various magazine articles. 


William T. Guy, Jr. 


Southwestern Region 


Professor and Chairman, Department 
of Mathematics, University of Texas, 
Austin, Texas. 

B.S., A&M College of Texas; M.A., 
University of Texas; Ph.D., California In- 
stitute of Technology. 

Instructor, Department of Applied 
Mathematics, University of Texas; stu- 
dent assistant and institute scholar, Cali- 
fornia Institute of Technology; assistant 
professor, professor, Department of Math- 
ematics, University of Texas. Guest lec- 
turer for several NSF summer institutes 
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for secondary teachers; MAA visiting lec- 
turer for high schools, Colorado-Wyo- 
ming, 1959, and Illinois, 1960. Mathemat- 
ics teacher in several academic-year and 
summer institutes held at University of 
Texas; director, 1960 Summer Institute for 
Elementary School Personnel; director, 
1959-60 Visiting Lecturer Program of 
Mathematics for the Texas Academy of 
Science; member of Commission on Math- 
ematics, Texas Education Agency. 

Member: NCTM, MAA, AMS, Texas 
CTM;; Fellow, Texas Academy of Science; 
Fellow, AAAS; Sigma Xi, Tau Beta Pi, 
Sigma Pi Sigma. 

Activities in NCTM: several invita- 
tional addresses to national and regional 
meetings; refereed many papers for The 
Mathematics Teacher. 

Other activities: governor, Mathemat- 
ical Association of America; past chair- 
man, Texas Section, MAA; consultant to 
NSF-sponsored mathematics teacher in- 
stitutes; member, MAA Committee on 
Undergraduate Program in Mathematics, 
Committee on Summer Institutes; AAAS 
representative at two TEPS and 
NASDTEC conferences; member, SMSG 
panel and summer writing project in math- 
ematics for elementary school; consulting 
mathematics editor for a textbook pub- 
lisher. 

Listed in: American Men of Science, 
Leaders in American Science, and Who’s 
Who in Texas. 

Publications: Contributor to Mathemat- 
ics Monthly, Bulletin of the American 
Mathematical Society, Journal of the Texas 
Academy of Science, Proceedings of the 
sixth Midwestern Conference on Fluid 
Mechanics. 


Julius H. Hlavaty 


Northeastern Region 


Chairman, Department of Mathemat- 
ics, DeWitt Clinton High School; Instruc- 
tor, Teachers College, Columbia Univer- 
sity. 
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B.S., City College of New York; Ph.D., 
Columbia University. 

First chairman, Department of Mathe- 
matics, Bronx High School of Science, 
1938-53; National Science Foundation 
and New York State In-Service Institutes 
for Teachers of Mathematics; fellow, 
Rocky Mountain Workshop, Commission 
on Secondary School Curriculum, summer 
1938; staff, Curriculum Workshop, Syra- 
cuse University, summers 1939, 1940; 
teacher, Evander Childs High School, 
New York City, 1930-38; Theodore Roo- 
sevelt High School, New York City, 1929-— 
30. 

Member: Phi Beta Kappa; NCTM, 
MAA, Central Association of Teachers of 
Science and Mathematics; Mathematics 
Chairmen’s Association of New York City; 
Association of Teachers of Mathematics of 
New York City. 

Activities in NCTM: Chairman, Com- 
mittee on Mathematics for the Talented, 
1958——; speaker and panel chairman at 
national conventions; member, Conference 
on Directions, 1959; chairman, Planning 
Committee for Yearbook for the Talented. 

Other activities: Director, Mathematics 
Commission Program, College Entrance 
Examination Board; School Mathematics 
Study Group—advisory committee, execu- 
tive committee, monograph panel, edi- 
torial board, chairman of Committee to 
Evaluate Sample Textbooks, chairman 
of Committee on the Gifted; NEA Invita- 
tional Conference on the Academically 
Talented, Washington, D.C., 1958; con- 
sultant, University of Illinois Committee 
on School Mathematics; Mathematics 
committee, School and College Study of 
Admission with Advanced Standing, 1952- 
55; test consultant, War Department 
AGO, 1944-46; mathematics committee, 
Commission on Secondary School Curric- 
ulum (the 8-year study); chairman of 
Mathematics Sub-Committee of the NEA 
Project on the Academically Talented 
Pupil; past president, Mathematics Chair- 
men’s Association and of Association of 
Teachers of Mathematics, New York City; 
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past chairman, Standing Committee on 
Mathematics, Board of Education, New 
York City; speaker at numerous in-service 
training and summer institutes (NSF); 
consultant for school systems at Yardley, 
Pennsylvania, Ridgewood and Hacken- 
sack, New Jersey; New Rochelle, New 
York; Lexington, Massachusetts; Los An- 
geles and San Diego, California; Advisory 
Conference on Co-ordination of Curricu- 
lum Studies (NSF), 1960; consultant, 
Metropolitan School Study Council. 

Publications: Contributor to The Math- 
ematics Teacher, College Board Review; 
translator, Felix, The Modern Aspect of 
Mathematics; editor, Mathematics for the 
Academically Talented Student; contribu- 
tor, Program Provisions for the Mathe- 
matically Gifted Student; author, Review 
Digest in Solid Geometry. 


Rachel P. Keniston 


Western Region 

Teacher of Mathematics and Chairman 
of the Mathematics Department at A. A. 
Stagg Senior High School, Stockton, Cali- 
fornia. 


A.B., Smith College, Northampton, 
Massachusetts; M.A., College of Pacific, 
Stockton, California. 

Mathematics teacher in Contoocook, 
New Hampshire, Enfield, Connecticut, 
Castilleja, Palo Alto, California, and cur- 
rently in Stockton Unified School District, 
Stockton, California. 

Member: NCTM, NEA, California 
Mathematics Council, New England As- 
sociation for Teachers of Mathematics, 
California Teachers Association, Phi Kap- 
pa Phi, Delta Kappa Gamma. 

Activities: Former vice-president of 
California Mathematics Council; former 
county representative of California Math- 
ematics Council; former member of 
NCTM Committee on Supplementary 
Publications; speaker at numerous mathe- 
matics meetings at both state and national 
levels; instructor for a week’s course at the 
summer meeting of NEATM, 1955, chair- 
man of local mathematics curriculum com- 
mittee, 1956-59. 

Publications: Coauthor of textbooks, 
Plane Geometry and High School Geometry ; 
article in Eighteenth Yearbook of NCTM; 
articles in Bulletin of the California Math- 
ematics Council. 


Professional dates 


The information below gives the name, date, 
and place of meeting with the name and address 
of the person to whom you may write for further 
information. For information about other meet- 
ings, see the previous issues of THe ARITHMETIC 
TeacHER. Announcements for publication 
should be sent at least ten weeks early to the 
Executive Secretary, National Council of Teach- 
ers of Mathematics, 1201 Sixteenth Street, 
N.W., Washington 6, D.C. 


NCTM convention dates 


Thirty-ninth Annual Meeting 


April 5-8, 1961 

Yonrad Hilton Hotel, Chicago, Illinois 

Robert Sisler, Morton High School West, 2400 
Home Avenue, Berwyn, Illinois 


January 1961 


Joint Meeting with NEA 


June 28, 1961 

Atlantic City, New Jersey 

M. H. Ahrendt, 1201 Sixteenth Street, N.W., 
Washington 6, D.C. 


Twenty-first Summer Meeting 


August 21-23, 1961 

University of Toronto, Toronto, Canada 

Father John C. Egsgard, St. Michael’s College 
School, 1515 Bathurst Street, Toronto 10, 
Canada 


Other professional dates 


The Greater Cleveland Council of Teachers of 
Mathematics 
February 16, 1961 
Roehm Junior High School, Berea, Ohio 
Bessie Kisner, Strongsville High School, 
Strongsville, Ohio 
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For Successful Arithmetic Teaching 


UNDERSTANDING ARITHMETIC, Grades |-8 


McSwain Ulrich Cooke 


Outstanding Features: 


° A step-by-step teaching plan 
¢ Planned reteaching and maintenance 


¢ Abundant opportunities for practice 


¢ A proven problem solving plan 


A COMPLETE PROGRAM, Grades 1!-8 


Pupils’ Texts Facsimile Teachers’ Editions 
Practice Books Independent Tests 
LAIDLAW fo% BROTHERS 
Thatcher and Madison River Forest, Illinois 


—To help teachers and librarians 


THE ELEMENTARY AND JUNIOR HIGH 
SCHOOL MATHEMATICS LIBRARY 


by CLARENCE ETHEL HARDGROVE 


An annotated bibliography of selected recreational and informational materials for 
mathematics. 


Classified by primary grades, intermediate grades, and junior high school. 


Very useful to teachers and librarians. 


Suggests readings to help your students grow in the ability to think with the ideas of 
mathematics. 


32 pages 35¢ each 
Postpaid if you send remittance with order. 


NATIONAL COUNCIL OF TEACHERS OF MATHEMATICS 
1201 Sixteenth Street, N.W. Washington 6, D.C. 


Please mention the ArirHMETIC TEACHER when answering advertisements 


_ 


MATHEMATICS TESTS 
AVAILABLE IN 
THE UNITED STATES 
by Sheldon S. Myers 


A listing, as complete as possible, of all the 
mathematics tests available in the United 
States. Gives information as follows: name 
of test, author, grade levels and forms, avail- 
ability of norms, publisher, and reference in 
which review of test can be found. 


16 pages 50¢ each 
NATIONAL COUNCIL OF 
TEACHERS OF MATHEMATICS 
1201 Sixteenth Street, N.W. 
Washington 6, D.C. 


Use Your NATIONAL DEFENSE 
EDUCATION FUNDS ... 


for equipping each classroom 
with valuable items. 


1. Number Line Packet—$1.50 


e Horizontal number line 15 ft. long 
e Vertical number line 36 inches tall 
Illustrated manual 
° 7" original commercial number line 
it 
2. Booklet-—HOW TO CHALLENGE 
THE GIFTED IN ARITHMETIC— 
$1.50 


e 40 pages—10 pictures 
Practical classroom ideas 


© Over 40 sources of enrichment ma- 
terials 


Copyright 1959 


The Denny Press, Dept. AT-6 
909 Aurora Ave. Des Moines 13, lowa 


Please mention the ARITHMETIC TEACHER when answering advertisements 


How You Look At 
_Viewlex 


point of view! Students LEARN MORE 
V-500-P frees you to TEACH MORE! The 
precedented image-brilliance compels atte: 
tion, even in lighted rooms . . . the simplified 
operation of self-threading and take-up -_ 
ends awkward, time-consuming ‘ 

.. the built-in magnifier viewer that ye: 
any section for special emphasis—these, and 
many other built-in Viewlex. “teachir assist 
ants" in new V-500-P 


COMBINATION 35MM FILMSTRIP 
x2” SLIDE — 


"Ask your Viewlex Audio-Visual 
dealer for ad 


15 BROADWAY, HOLBROOK, Lt, N.Y. 
IN CANADA: Anglophoto, Ltd., Montreal 


— =. 
Are Easier” 
Teach With 
Viewlex V-500-P is “easier to 
Wiewtex 
Gay Ge 
4 


Developing understanding of the number 
system is the key to mastering arithmetic. 
This understanding is the basis of 


THE ROW-PETERSON ARITHMETIC PROGRAM 


SECOND EDITION Primer through Grade 8 


From simple addition to complex fractions, the pupil proceeds logically, 
step by step, developing self-reliance and competence in number thinking. 
Impetus is given to problem solving, everyday uses of arithmetic, and the 
presentation of new concepts. Every book contains intensive drill, practice, 
and maintenance. For every book there is a Teacher’s Edition that is easy 
to handle, practical to use. 


ROW, PETERSON AND COMPANY 


Evanston, Illinois Elmsford, New York 


CUISENAIRE* RODS are the most FLEXIBLE learning aid! 


“NUMBERS IN COLOR" 


The use of manipulative materials which are ‘analogs’ to the rational number 
system is increasingly recommended for more effective mathematics teaching. 
Cuisenaire "Numbers In Color" are the most widely useful aid, and are used 
from kindergarten to high school to help children learn: 


¢ All school arithmetic concepts and operations * Algebra 
Geometric topics Set theory and other ‘modern mathematics’ 


Colors and sizes of rods are chosen for easiest use by children. Children do not 
become dependent on the rods; notation and written problems are used at all 
stages. Mathematics is developed as an exciting process of discovery. 


The Cuisenaire approach is judged mathematically sound by mathematicians 
and educationally sound by educators. Texts for teachers oa students contain 
information necessary to use ‘Numbers In Color." Write for information and 
price list. Approved for NDEA purchase. 


© CUISENAIRE COMPANY OF AMERICA, INC. 


246 East 46th Street New York 17, N.Y. 
* Trade Mark 


Please mention the ArirHMeEtTIC TEACHER when answering advertisements 


INSTRUCTION 
ARITHMETIC 


25th Yearbook of the 
NCTM 


Clarifies and develops ideas presented in the 10th and 16th NCTM yearbooks. 


A must for your professional library. 


Presents: 
The cultural value, nature, and structure of arithmetic. 
Factors affecting learning in arithmetic. 
Modern mathematics and its impact on arithmetic. 
The training of teachers of arithmetic. 
Summary of investigations and research. 
CONTENTS 
1. Introduction 8. Mental Hygiene and Arithmetic 
2. Arithmetic in Today’s Culture 9. Reading in Arithmetic 
3. Structuring Arithmetic 10. Instructional Materials 
4. Guiding the Learner to Discover and 11. Definitions in Arithmetic 
Generalize 12. Modern Mathematics and School 
5. Arithmetic in Kindergarten and Grades Arithmetic 
1 and 2 13. Background Mathematics for Elemen- 
6. Individual Differences tary teachers 
7. Guidance and Counseling 14. Selected Annotated Bibliography 


374 pp. $4.50 ($3.50 to members of the Council) 


Postpaid if you send remittance with order. 


NATIONAL COUNCIL OF TEACHERS OF MATHEMATICS 
1201 Sixteenth Street, N.W. Washington 6, D.C. 


Please mention the ARITHMETIC TEACHER when answering advertisements 


p a are for Math Learning and Teaching ats, 
le imterest and activity. 


TEACHING AIDS 
D-STIX CONSTRUCTION KITS 


unde: fun. 
be used for showing molecular 


of = 
mentary science and physics. These 
struction ove tp enter weed 


10” an 

Stock No. 70,210-DJ Postpaid 
pieces, includ es all items in 70.210 above long unpainted 

D-Stix for use ia your own 


No, 70,211-DJ $7.00 Postpaid 


ANALOG 
COMPUTER KIT 


Ideal introduction to the increasingly 


5”. 
Brock No sleeve ve 
in colors— 


ision, po rs, roots 
cation, div wers, 
ics formulae, electricity and magnetism problems. Easily 
screwdriver and pliers. Operates on 2 flashlight bat- 
and tiometers are —— 
Computer is 20” long. ” 


Stock NO. 70,341-DJ $14.95 postpaid 


NEW PICTORIAL BOOKLET 
“ASTRONOMY and YOU” 


An informative introduction and history of the science of AS- 
he in interesting graphic style—full color. Avail- 
able FREE. How many do you Sond Tie your students ?!—We'll 


juded with every aba 
Stock No. 70,201-DJ 4 


50,234-DJ—100 Brass I Rods . 
INSTRUCTION = vend 10 counter A 
Stock No. 9060-DJ Postpaid 


ea 
MAN, 100 6.00 Postpaid 


NEW! CIRCULAR SLIDE RULE: 


Pocket Size—Fast—Easy to Use! 


Be a Math Whiz! New Circular Slide Rule 

multiplies, divides, figures fractions, per- 

centages, squares, cubes, roots, propor- 

tions, circumferences, areas, retail prices, 

fuel consumption. Eliminates the con- 

fusions of ordinary slide-rules. Priced far 
to learn 


and use, 
indicator. 3%” 
Postpaid 


ORDER BY STOCK NUMBER 


SEND CHECK OR MONEY ORDER. 


SOMA WOOD BLOCK PUZZLES 
Here's the LATEST, THINK-and-FUN PUZZLE GAME— 


From these seven pieces all sorts of fas- 
cinating structures can be made. Make a 
tunnel, sofa, dog or skyscraper. Hannes 
Alven, the Swedish astrophysicist, showed 
that there are more than a quarter of a 


million ways to form a cube. You can try 
them all with Soma 
Stock No, 70,262-DJ ......$2.00 Postpaid 


_3-D Gener WITH SPACE SPIDER 


Create 3-dimensional colored designs that 
“*float in space’’ simply by weaving fluores- 
cent strands between different planes of 
“shadow box.”’ Design abstractions, plane 
and solid geometrical figures. 


, 3 reels fluorescent 
needle, instruction 


$2.95 postpaid 


Ideal for self teaching, review, or games 
in class. Computer is of sturdy plastic 
10%” square and comes with easy to 
follow directions. For addition, subtrac- 
tion, division or multiplication, pupil 
simply inserts proper card, pushes num- 
bers of problem, and answer automat- 
ically appears. 


Stock No. 70,202-DJ ....$2.98 Postpaid 


Offspring of Science . . . REALLY BEAUTIFUL! 

CIRCULAR DIFFRACTION-GRATING 
JEWELRY 

A Dazzling Rainbow of Color! 


kind of jewelry is capturing atten- 

ti rywhere. pp rainbows of gem- 

like color in jewel exquisite beauty—made 

with CIRCULAR ACTION. 

REPLICA. Just as a breaks up light 

into its full range of vidual colors, a does 
the diffraction grating. 


Stock No. 30,349-DJ—Earrings 
Stock No. 30,350- 
Stock No. 30,372-DJ—Penuant . 

Stock No. 30,390-DJ—Tie-Clasp ............. 


NEW! GRAPH RUBBER STAMP 


Real time and labor saver for math teachers. If 
your tests require graph backxrounds—no need to 
attach separate sheets of graph paper and worry 
about keeping them straight. Simply stamp a 
graph pattern, 3” square as needed on each pa- 
per. Grading graph problems then becomes 100% 
easier, Stamps are square overall—2 different 
patterns. 

Stock No. 50,255-DJ (100 blocks) ........... 

Stock No. 50,351-DJ (16 blocks) .... 


Polar Coordinate Graph Stamp—3” Diam. 
Stock No. 50,359-DJ ... $3.00 Postpaid 


FREE CATALOG — D3 
144 Pages! Over 1000 Bargains! 


America’s No. 1 source of supply for low- 
cost Math and Science Teaching Aids, for 
experimenters, hobbyists. Complete line of 
Astronomical Telescope parts and assembled 
Telescopes. Also huge selection of lenses, 
Prisms, war surplus optical instruments, 
Darts and accessories. Telescopes, micro- 
scopes, satellite scopes, binoculars, infrared 
sniperscopes, etc. 


Request Catalog—DJ 


75 Postpai 
Post paid 
Post paid 


SATISFACTION GUARANTEED! 


EDMUND SCIENTIFIC €CO.,8aRRINGTON, NEW JERSEY 


Please mention the ArtrHMETIC TEACHER when answering advertisements 


| 
| 
Watch our ads for new Math items. We will appreciate your ; : 
oy 
Tine 
& * 
a D-Stix clarify geometric figures for the young by 
actually demonstrat them in three dimensions. 
They make 
he 
Ur metal Construction j 
= 220 pieces, 5, 6 and 8 sleeve connectors, 2”, 3”, 4 : 
decoration or educational use. Kit contains 
3 black notched wood panels (the back- 
thread, black ps, 
booklet. 
Stock No. 70,278-DJ ...... 
JUNIOR COMPUTER 
important electronic computer field. For FRE 
bright students, or anyone interested in this new science. Demon- 
wide, eep. 
(Mention Arithmetic Teacher) 
«(Our abacus is just the thing to use 
in class to teach place value and $2 
long. It is made of a beautiful wal- 
nut wood, with 6 rows of 10 count- 
; — ers. Complete instructions are in- = 
ABACUS KIT—MAKE YOUR OWN! ‘ 
Making your own Abacus is a wonderful project for any math 
class, of math club, or as an enrichment unit. Our kit gives you 
60 counters, directions for making your own Abacus and direc- 
tions for using our Abacus.—Makes one Abacus. 
Stock No. 60,088-DJ—Makes 1 Abacus ..........% 1.30 Postpaid 
Stock No. 70,226-DJ—Makes 16 Abacuses ........$17.50 Postpaid : 
Sdmved( 2 | 
fase | 
=== 
Constructed of 2 al - Eas 
diameter Directions in 
Stock No, 30,336-DJ 
q 


